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MACROINVERTEBRATE AND CRAYFISH COMMUNITY 
DISTRIBUTION OF THE MERAMEC RIVER DRAINAGE BASIN:  AN 
INVESTIGATION AT MULTIPLE SPATIAL LEVELS 
 
Kristi Williams 
 
Dr. Charles Rabeni, Thesis Supervisor 
 
ABSTRACT 
 
 
 Hierarchical classification systems have been widely used to delineate terrestrial 
ecounits at multiple spatial scales; however there has long been a need for an aquatic 
based classification system.  A newly developed aquatic ecosystem classification system 
was tested using crayfish and macroinvertebrates at multiple spatial scales.  Benthic 
macroinvertebrates were sampled from twenty-seven sites from three Aquatic Ecological 
System (AES) Types in the fall of 2001.  Macroinvertebrate (MI) assemblages were 
tested for within- and between-Type similarities.  DCA ordinations and similarity 
analyses showed that MI assemblages were more similar within AES Types than between 
AES Types.  Regression analyses indicated that assemblages were related to large scale 
factors indicative of AES Type boundaries.   
 Crayfish were sampled from the same twenty-seven sites from four habitat units 
(riffles, runs, backwaters, and vegetation plots) in fall 2001.  Crayfish communities were 
similar within run and riffle habitats of the same AES Type and were similar within 
backwater and vegetation plots of the same AES Type. 
  Crayfish correspondence to Valley Segment Type (VST) was related to stream 
size.  Crayfish were captured from run habitats within three stream size classes in three 
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neighboring watersheds in the summer of 2002.  O. luteus dominated small-rivers, O. 
punctimanus dominated headwaters, while O. medius dominated creeks.   
 Longitudinal distribution of crayfish was examined in summer of 2002.  Crayfish 
were sampled from four stream sizes from headwater to big-river.  Mean density of 
crayfish was greater in headwater and creek streams than in small- and big-river sites.  
Mean YOY crayfish capture was greater than adults for all species in all stream sizes.   
 Crayfish sampling gear was tested in the summer of 2002 and 2003 for adult and 
YOY crayfish age classes.  The semi-quantitative kick seine used in this study was 
compared to a quantitative to quadrat sampler.  The quadrat sampler consistently 
captured more individuals than the kick seine, but not in a predictable manner.  
Regression analyses showed high variability and low correlation between the quadrat and 
either seine method for both years and in all age classes.   
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CHAPTER ONE 
GENERAL INTRODUCTION AND DESCRIPTION 
 
Classification Systems 
 Classification systems have been used as a successful technique to delineate 
natural systems at different scales creating nested hierarchical frameworks (Omernik 
1987; Bailey 1995; Maxwell et al. 1995).  These frameworks, however, are based on 
terrestrial features and often cut through watersheds and are not equipped to evaluate 
riverine ecosystems.   
 There is a need for an aquatic classification system that can be adapted to varying 
ecosystems and geographical areas.  The framework created by the Missouri Resource 
Assessment Partnership (MoRAP) does just that.  It encompasses the theory and 
methodology of existing frameworks while integrating new concepts that make this 
framework a useful tool for conserving and managing aquatic ecosystems at spatial scales 
most important to aquatic resource managers.  It is adaptable to any geographic region 
and is already being tested and used in other states by various agencies.   
 
Thesis Overview 
 This project encompassed three main objectives.  For Objective One, I 
investigated delineations of a newly developed aquatic classification system developed 
by the Missouri Resource Assessment Partnership (MoRAP) using macroinvertebrates 
and crayfish.  Investigations were conducted at multiple spatial scales:  the Aquatic 
Ecological System (AES), Valley Segment Type (VST), and Habitat Type.  
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Macroinvertebrates were compared for within- and between-AES Type similarities to 
evaluate AES delineations.  Crayfish were compared within and between stream sizes 
within and between three individual AES’s to evaluate the VST level of the framework.  
Crayfish communities were also investigated within four macrohabitat types within and 
between three AES Types to evaluate whether or not communities were more similar 
within similar habitat types of different geographic area, or more similar within different 
habitat types of the same geographic area.  The MoRAP system will be a valuable tool 
for research and conservation if the eco-unit delineations are found to be biologically 
significant.    
 Objective Two investigated the longitudinal distribution of crayfish species within 
the Meramec River.  Crayfish were sampled from run habitats from four stream size 
classes. Stream size classes were defined as:  headwater (link number of 1 - 4), creek 
(link number of 5 – 50), small-river (link number of 51 - 450), or big-river (link number 
451 – max number).  Longitudinal distribution of crayfish has not been specifically 
investigated in Missouri, and would be valuable information for conservation and 
research.   
 In Objective Three I tested the performance of a semi-quantitative crayfish 
sampling gear (the kick seine) that I used in my research against a quantitative gear (the 
quadrat).   The kick seine is less labor intensive, easier to construct, and easier to use in 
the field than the quadrat, however it is a qualitative gear and possibly more subject to 
user error and habitat influences than the quadrat.   Use of the kick seine for research and 
conservation would increase the number of samples that could be taken or less time in the 
field thereby increasing productivity of agencies working on restricted budgets.  
 2
  
 
Study Area 
 All study sites are located in the Meramec River Drainage basin in east central 
Missouri (Figure 1.1).  This basin is completely contained within Pflieger’s (1989) 
Ozark-Mississippi faunal region and Salem Plateau physiographic region and is home to 
nine crayfish species (Pflieger 1996).   
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Figure 1.1  The Meramec River Drainage Basin located in east central Miss
also referred to as the Meramec Ecological Drainage Unit by the MoRAP s
Divisions represent the eighteen different Aquatic Ecological Systems with
 
 
 4ouri USA; 
ystem.  The 
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CHAPTER TWO 
 
EVALUATION OF AN AQUATICECOSYSTEM USING MACROINVERTEBRATE 
AND CRAYFISH COMMUNITIES 
 
 
OBJECTIVE ONE: 
 
A. Evaluate the Aquatic Ecological System (AES) level of the Missouri Resource 
Assessment Partnership (MoRAP) aquatic ecosystem classification system 
by comparing within- and between-group similarities of macroinvertebrate 
assemblages for AES units.  
 
 
B.  Evaluate the Valley Segment Type (VST) level of the Missouri Resource 
Assessment Partnership (MoRAP) aquatic ecosystem classification system 
by investigating crayfish distribution within and between VST units. 
 
 
C. Evaluate crayfish correspondence to four habitat unit types versus AES units of 
the Missouri Resource Assessment Partnership (MoRAP) aquatic ecosystem 
classification system. 
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INTRODUCTION 
 Because of the complexity of the natural world and the need to make meaningful 
management decisions about our natural resources, researchers have developed tools to 
classify natural systems.  One successful technique is to delineate natural systems at ever 
finer spatial scales creating nested hierarchical frameworks (Figure 2.1).  Many 
frameworks exist that divide the state of Missouri into ecological units and depending on 
the research question being asked, different frameworks may be used.  Omernik (1987) 
created a terrestrial based classification framework that divided Missouri into five 
ecoregions.  Delineations were based on land surface form, soils, vegetation, and land 
use.  Bailey (1995) also created a terrestrial based framework with delineations that 
divided Missouri into four ecological units called Sections.  Pflieger (1989) created the 
first framework for Missouri that incorporated an aquatic biological component, 
primarily fish assemblages.  The aquatic faunal regions that Pflieger created divided 
Missouri into four major faunal regions.  The major faunal regions were then subdivided 
into smaller faunal regions that correspond to major watershed boundaries.         
 As management needs change new frameworks are developed (or new levels 
added to existing frameworks) to address specific management needs.  This study aims to 
test the delineations of a newly developed aquatic classification system at multiple spatial 
levels.  The framework created by the Missouri Resource Assessment Partnership 
(MoRAP) encompasses the theory and methodology of existing frameworks (Warren et 
al. 1979; Lotspeich and Platts 1982; Frissell et al. 1986; Naiman et al. 1992; Hawkins et 
al. 1993; Angermeier and Schlosser 1995; Bailey 1995; Maxwell et al. 1995; Omernik 
1987; Seelbach et al. 1997; Higgins et al. 1999) while integrating new concepts that make  
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Figure 2.1 Example of a hierarchical framework.  Each new layer divides the previous 
layer into finer eco-units.  Four layers of the MoRAP framework are shown here:  A. 
Sub-regions of Missouri, B. Ecological Drainage Units (EDU’s) of Missouri, C. Aquatic 
Ecological Systems of one EDU, and D. Valley Segment Types within one AES unit.   
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this framework a useful tool for conserving and managing aquatic ecosystems at spatial 
scales most important to aquatic resource managers.  Two unique applications of this 
framework are first grouping units of similar geomorphic and hydrologic features into 
Types, and second, selecting sampling sites using a Geographic Information System 
(GIS) by predicting specific stream reaches in which target species are more likely to be 
found based on habitat affinities.   
 
Description of the MoRAP Aquatic Ecosystem Classification Framework 
 The MoRAP system is a nested hierarchical system that consists of eight levels 
(Figure 2.1).  The largest levels used in the system, Zone, Subzone, and Region, were 
developed by Maxwell et al. (1995).  These three levels were used because they are 
widely accepted and completely encompass the state of Missouri.   
The next finer spatial level, the Subregion, corresponds to aquatic faunal units 
(Ozark, prairie, and lowland) developed by Pflieger (1989), with Level III ecoregions 
developed by Omernik (1987), and with Bailey’s (1995) Ecological Provinces within the 
state of Missouri.  The Subregions of this framework follow major drainage divides.  
The fifth level is the Ecological Drainage Unit (EDU) and is unique to this 
framework.  EDU’s are zoogeographical substrata of Subregions. Their boundaries were 
empirically derived and they represent large watersheds or sub-drainages (Sowa et al. 
2002).  Delineations for this level were based on USGS 11-digit Hydrological Units 
combined with existing fish sampling data.  Boundaries were further revised by MoRAP, 
by using existing distributional data for crayfish, snail, and mussel species.  The defining 
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of large watersheds by their biological potential is a unique application of units at this 
spatial level.    
EDU’s were then divided into a sixth level, Aquatic Ecological Systems (AES’s).  
AES boundaries were developed a priori and are similar to small watersheds or sub-
drainages (Sowa et al. 2002).   Delineations were based on soils (both infiltration rate and 
dominant surface texture), relief, densities of cold-water springs, and geology.  The 
1:24,000 USGS/NRCS 14-digit hydrologic units were used as the base layer for 
developing a digital map for AES boundaries (Sowa et al. 2002).   
For management purposes, each AES unit contains only one small-river (link 
magnitude number of 51 to 450 for the Ozarks; approximately 4th and 5th order streams).  
However, because AES’s are ecological in nature, direct lateral tributaries, changes in 
overall watershed conditions, or local mainstem changes can influence the ecosystem.  
This can result in more than one AES unit per small-river.  An example of this would be 
a break (i.e. delineation) occurring just downstream of the confluence of a large cold 
spring, such as Meramec Spring in this study area.  The spring changes the aquatic 
communities and attributes of the stream and warrants a new AES unit even though the 
geology of the watershed did not change (Scott Sowa, MoRAP, personal 
communication).   
A cluster analysis was performed on the variables soils (both infiltration rate and 
dominant surface texture), relief, and geology for AES Type determination.  Densities of 
cold-water springs were added as a post cluster variable for further delineation.  It is 
possible for the same AES Type to be found in more than one EDU, but the biological 
potential for the AES is determined by the EDU in which it resides.      
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The seventh level, Valley Segment Types (VST’s), represent the finest of the 
spatial scales that can accurately be predicted remotely.  VST boundaries are delineated a 
priori and are based on flow permanence, temperature, dominant geology, gradient, and 
stream size.  The EPA/USGS 1:100,000 National Hydrology Dataset (NHD) was used as 
the base layer for these delineations (Sowa et al. 2002).   
The eighth and final level, Habitat Units, while important in site selection and 
specific management purposes, are too small, numerous, and temporally dynamic to map 
using a GIS (Sowa et al. 2002).  These habitats, such as pools, riffles, and runs, are 
described in Rabeni and Jacobson (1993). 
 
Quantification of Unit Boundaries 
 Each unit within a level is defined with a numeric code. This is similar to the 
eight, eleven, and fourteen digit hydrologic units used by the United States Geological 
Survey (USGS) where each digit of the numeric code represents a characteristic of the 
unit (Table 2.1).  Units at the same spatial scale having the same code would be similar 
units.  These codes were used in the site selection process for all three aspects of this 
objective.     
 Practical uses of this framework can be seen from the following example.  If a 
species of interest shows an affinity for a particular set of characteristics, i.e. a certain 
numeric code at a particular spatial scale, managers could, using a GIS, find all VST’s 
fitting that code and begin choosing sampling sites at these places.  This provides a much 
more efficient and economical way of choosing sampling sites which is particularly 
important as most management agencies operate on limited budgets.  Of equal  
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 Table 2.1.  Examples of seven digit codes for the Valley Segment Types.  Each digit represents a feature on the VST.  The number used for 
that digit repersents a value for the feature.  For example:  Temperature code 2=warm; stream size code 1=headwater, 2=creek, 3=small 
river and 4=big river; flow permanence code 1=permanent and 2=intermittent; geology code 2=dolomite/limestone; relative gradient code 
1=low, 2=medium, and 3=high; valley wall interaction code 0=no interaction, 1=low density, and 2=medium interaction; and size 
discrepancy code 0=none. 
              
--------------------------------------------------------------7 Digit Code------------------------------------------------------------- 
Temperature Stream Size 
Flow 
Permanence Geology 
Relative 
Gradient 
Valley Wall 
Interaction 
Size 
Discrepancy 
2 4 1 2 1 1 0 
2 4 1 2 3 1 0 
2 2 1 2 1 0 0 
2 2 1 2 1 0 0 
2 2 1 2 1 0 0 
2 1 2 2 2 0 0 
2 1 2 2 3 0 0 
2 3 1 2 2 1 0 
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importance, this framework is more suited for biotic considerations in management 
practices than simply dividing aquatic ecosystems by watershed boundaries and treating 
each unit as a separate system.  Similar management plans could then be written for 
similar units.  
 
 Field validation using macroinvertebrates and crayfish
 The framework designed by MoRAP has not been field tested.  This project uses 
three objectives to test delineations and assumptions of this framework by comparing 
macroinvertebrate and crayfish assemblages at two spatial levels.   
For Objective One part A (Objective 1a), ecounits at the AES level of the 
framework were evaluated by comparing within- and between-group similarities of 
benthic macroinvertebrate communities.  Similar AES units were grouped into Types and 
three Types were sampled.  Each Type has three individual AES units. Within-group 
similarities were tested within each Type and between-group similarities were tested with 
AES units of different AES Types.  Because catchment controls most variables in the 
stream reach (Hynes 1975; Allen and Johnson 1997), including biota, it makes sense that 
biotic assemblages would be more similar within AES units that have more similar 
features than between those that do not share similar features.   
 Macroinvertebrates were chosen for this objective because they have been 
extensively studied in the Ozarks (Rabeni et al. 1995, 1997b., and 1999; Rabeni and 
Doisy 2000; Whitledge and Rabeni 2000; Doisy and Rabeni 2001).  Macroinvertebrates 
have been used to evaluate aquatic habitats at multiple scales (Carter et al. 1996) and 
Rabeni and Doisy (2000) found that benthic invertebrates in Missouri corresponded 
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nicely with Pflieger’s aquatic faunal regions, and Bailey and Omernik’s ecoregions.  
Macroinvertebrates are small and easily captured, stored and identified in the laboratory 
(Merritt and Cummins 1996).   
 For Objective One part B (Objective 1b), ecounit delineations at the VST level 
were evaluated by comparing crayfish species abundances between VST’s that differed 
by stream size.  Four stream sizes within three like AES units were compared.  Data were 
first analyzed for all three AES units combined, and then for each individual AES unit.      
 For Objective One part C (Objective 1c), crayfish species were sampled from four 
habitat types (runs, riffles, backwaters, and vegetation plots) and examined as to whether 
crayfish species corresponded better to habitat patches regardless of AES unit, or to AES 
units regardless of habitat patch.           
Crayfish have also been extensively examined in the Ozarks (DiStefano 1993; 
Rabeni et al. 1995; Pflieger 1996; Flinders and Magoulick 2003).  Crayfish assemblages 
vary both between watersheds and among macrohabitat types (Pflieger 1996).  
Individuals are easily captured using a variety of techniques and quickly identified to 
species level in the field. 
Study Area 
 All study sites were located in the Meramec River Drainage basin in east central 
Missouri (Figure 2.2).  This basin is completely contained within Pflieger’s (1989) 
Ozark-Mississippi faunal region and Salem Plateau physiographic region.  This basin is 
defined as the Meramec EDU by the MoRAP system and is composed of eighteen 
individual AES units, nine of which contained sample sites for the entire study.  
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 Eight of these nine AES units were grouped into three Types, (Figure 2.2).   Type 
I contained sample sites on the Bourbeuse and Dry Fork Rivers.  Type II contained 
sample sites on the Meramec River, Huzzah Creek and Courtois River.  Type III 
contained sites on the Big River and Cedar Creek.   
 AES Types I and II were located within the ecoregion that Nigh and Schroeder 
(2002) define as the Meramec Hills Subsection.  This subsection is generally described as 
having steep slopes and narrow valley bottoms with cherty soils, ranging from deep to 
thin, over carbonate and sandstone bedrock, with karst losing streams in the upland areas, 
and large springs.  Stream gradients range from moderately steep to steep.  Loads of sand 
and gravel, with little suspended sediment are characteristic (Nigh and Schroeder 2002).    
 AES Type I relief ranges from 50 to 500 feet.  Soils consist of weathered 
Infiltration rates are slow to moderate.  Streams tend to be intermittent to ephemeral.  
Spring densities are variable but generally low density and low volume.  Historically, this 
AES Type was savannah and oak woodland (Gust Annis MoRAP, personal 
communication). 
 AES Type II soils consist of weathered bedrock with numerous rock fragments 
and moderate to slow infiltration rates.  Streams in this AES Type have a relatively high 
gradient with low suspended sediments and bed loads of sand and gravel that typically 
form bars.  It is also characterized by gently rolling topography with flat ridge tops and 
numerous cold-water springs.  Historically, vegetation consisted of mixed-oak and oak-
pine (Gust Annis MoRAP, personal communication). 
 AES Type III lies on the border of Nigh and Schroeder’s (2002) Meramec Hills 
Subsection and St. Francois Knobs and Basins Subsection.  Although some streams drain 
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into the sampled stream sections from the Meramec Hills Subsection, all AES Type III 
sample sites were well within the boundaries of the St. Francois Knobs and Basins 
Subsection.  Sample sites within this subsection are associated with igneous glade/oak 
forest knobs landtype.  This land type association consists of broadly rounded knobs 
giving way to steep, boulder strewn sideslopes and narrow shut-in streams on igneous 
rock.  Soil types consist of shallow to deep cobbly loams with deep cherty silt loams on 
sedimentary areas between knobs. 
 AES Type III geology is variable with igneous granite and cherty dolomite with 
sandstone and limestone present.  Local relief ranges from 50 to 500 feet.  Soils are 
variable consisting of cherty, silty loams with slow to moderate infiltration rates.  The 
landscape is highly dissected often forming shut-ins.  Spring density is relatively low.  
Historical vegetation is varied but consists of mixed-oak woodland, oak savanna, small 
amounts of prairie and glades (Gust Annis MoRAP, personal communication).
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I
IIAES I
AES I
AES I
Figure 2.2  The Meramec EDU in East Central Missouri was the study site for this 
study.  The EDU is enlarged and AES units that were used are shaded.  Like AES units 
are shaded with like patterns.  Like AES units are grouped into Types.  All three Types 
were used in Objective 1a and 1c, AES Type II only was examined for Objective 1b. 
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METHODS 
Study Design 
Evaluation of the AES Level of the MoRAP Aquatic Ecosystem Classification System 
(Objective 1a) 
 
Macroinvertebrates were sampled in the fall of 2001.  Study sites were chosen 
with the aid of a GIS.  All spatial scales above and below the one being evaluated were 
held constant.  This was accomplished by sampling similar VST units within the same 
EDU.   
Sample sites were chosen that would represent the true structural and functional 
characteristics of each AES Type.  This was done by selecting sites from the two most 
dominant VST’s within each AES Type (i.e. the two most abundant numeric codes).  
Occasionally, there were not enough stream segments to choose from given the two most 
dominant numeric codes, and a third or even fourth code was needed.  In all cases, the 
codes differed only by geology and relative gradient (Table 2.2).    
Three AES Types were chosen within the Meramec drainage basin (Meramec 
EDU) in east-central Missouri for comparison (Figure 2.2).  Each AES Type contained 
three individual AES’s.  Three sites were sampled within each individual AES, resulting 
in nine sites per AES Type for a total of twenty-seven sites within the suitable stream 
segments (Figure 2.3).  A site consisted of a reach that contained two or more riffles 
suitable for macroinvertebrate sampling.  Six total macroinvertebrate samples were taken 
from two to four riffles and pooled into one sample per site.   
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Evaluation of VST level of the MoRAP Aquatic Ecosystem Classification System 
(Objective 1b) 
 
 Crayfish were sampled in the summer of 2002 within the Meramec EDU.  All 
spatial scales above and below the VST level were held constant by sampling in run  
habitats within one AES Type.  AES Type II (Figure 2.2), from Objective 1a, was chosen 
for sampling based on stream access, amount of water, and habitat quality.  AES Type II 
contains three AES units, which will be referred to as the Meramec, the Huzzah, and the 
Courtois, named for the small-river that runs through each (Figure 2.4).   
 All possible sample sites were chosen using a GIS evaluating VST 7-digit codes.  
I wanted sites to vary by stream size (headwater, creek, and small-river) and relative 
gradient (relatively high and low within each size class) only; however, flow permanence 
and valley-wall interaction also varied among sites within the 7-digit codes (Table 2.3).  
Both flow permanence and valley-wall interaction are correlated with stream size and 
thus these differences were unavoidable.  Ideally, for each AES unit, three sites were 
chosen within each stream size class for each relative gradient, for a total of fifty-four 
sample sites.     
Evaluation of Crayfish at the Habitat Unit Scale (Objective 1c) 
Crayfish were sampled from riffle, pool, back water, and vegetation habitat 
patches within the same twenty-seven sites used for objective 1a.  One riffle, pool, 
backwater, and vegetation plot was sampled within each stream reach.  Three seine hauls 
were taken from each macrohabitat patch and pooled into one sample per habitat type per 
site. 
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Table 2.2.  Seven digit codes for the twenty-seven valley segment types used for Objective 1a.  These codes 
differed only by geology and relative gradient.  Temperature code 2=warm; stream code 3=small river; 
flow permanence code 1=permanent; geology code 4=sandstone, 2=dolomite/limestone; relative gradient 
code 1=low, 2=medium, and 3=high; valley wall interaction code 1=low density; and size discrepancy code 
0=none. 
 
    |----------------------------------------------------------7 Digit Code------------------------------------------------| 
AES 
Type AES  Temperature Stream Size 
Flow 
Permanence Geology 
Relative 
Gradient 
Valley 
Wall 
Interaction 
Size 
Discrepancy 
1 A 2 3 1 4 1 1 0 
1 A 2 3 1 4 2 1 0 
1 A 2 3 1 4 2 1 0 
1 B 2 3 1 2 1 1 0 
1 B 2 3 1 2 1 1 0 
1 B 2 3 1 2 1 1 0 
1 C 2 3 1 2 1 1 0 
1 C 2 3 1 2 1 1 0 
1 C 2 3 1 2 1 1 0 
         
2 D 2 3 1 2 3 1 0 
2 D 2 3 1 2 2 1 0 
2 D 2 3 1 2 2 1 0 
2 E 2 3 1 2 3 1 0 
2 E 2 3 1 2 2 1 0 
2 E 2 3 1 2 2 1 0 
2 F 2 3 1 2 3 1 0 
2 F 2 3 1 2 3 1 0 
2 F 2 3 1 2 3 1 0 
         
3 G 2 3 1 2 2 1 0 
3 G 2 3 1 2 2 1 0 
3 G 2 3 1 2 2 1 0 
3 H 2 3 1 2 3 1 0 
3 H 2 3 1 2 2 1 0 
3 H 2 3 1 2 3 1 0 
3 I 2 3 1 2 3 1 0 
3 I 2 3 1 2 3 1 0 
3 I 2 3 1 2 3 1 0 
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Figure 2.3.  Stream segments used for Objective 1a and 1c are in bold.   
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Figure 2.4. The three AES units used for Objective 1b.  From left to right: the Meramec, 
the Huzzah, and the Courtois, each named for the small-river that runs through them.  
Sampled stream segments are shown.  The darker the segment, the larger the stream size.   
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Table 2.3.  Seven digit codes for the valley segment types used for Objective 1b.  Temperature code 2=warm; stream size code 
1=headwater, 2=creek, 3=small river and 4=big river; flow permanence code 1=permanent and 2=intermittent; geology code 
2=dolomite/limestone; relative gradient code 1=low, 2=medium, and 3=high; valley wall interaction code 0=no interaction, 1=low 
density, and 2=medium interaction; and size discrepancy code 0=none. 
                  
   --------------------------------------------------------------7 Digit Code------------------------------------------------------------- 
Stream 
Size AES  Temperature 
Stream 
Size 
Flow 
Permanence Geology 
Relative 
Gradient 
Valley Wall 
Interaction 
Size 
Discrepancy 
CR C 2 2 1 2 1 0 0 
CR C 2 2 1 2 1 0 0 
CR C 2 2 1 2 1 0 0 
CR C 2 2 1 2 3 0 0 
CR C 2 2 1 2 3 0 0 
CR C 2 2 1 2 3 0 0 
CR H 2 2 1 2 3 0 0 
CR H 2 2 1 2 3 0 0 
CR H 2 2 1 2 3 0 0 
CR M 2 2 1 2 1 0 0 
CR M 2 2 1 2 1 0 0 
CR M 2 2 1 2 1 0 0 
CR M 2 2 1 2 3 0 0 
CR M 2 2 1 2 3 0 0 
CR M 2 2 1 2 3 0 0 
HW C 2 1 2 2 2 0 0 
HW C 2 1 2 2 3 0 0 
HW C 2 1 2 2 3 0 0 
HW H 2 1 2 2 2 0 0 
HW H 2 1 2 2 3 0 0 
HW H 2 1 2 2 3 0 0 
HW H 2 1 2 2 3 0 0 
HW M 2 1 2 2 3 0 0 
HW M 2 1 2 2 3 0 0 
HW M 2 1 2 2 3 0 0 
SR C 2 3 1 2 2 1 0 
SR C 2 3 1 2 2 1 0 
SR C 2 3 1 2 2 1 0 
SR C 2 3 1 2 3 1 0 
SR C 2 3 1 2 3 1 0 
SR C 2 3 1 2 3 1 0 
SR H 2 3 1 2 2 1 0 
SR H 2 3 1 2 2 1 0 
SR H 2 3 1 2 2 1 0 
SR H 2 3 1 2 3 1 0 
SR H 2 3 1 2 3 1 0 
SR H 2 3 1 2 3 1 0 
SR M 2 3 1 2 2 1 0 
SR M 2 3 1 2 3 1 0 
SR M 2 3 1 2 3 1 0 
SR M 2 3 1 2 3 2 0 
SR M 2 3 1 2 3 2 0 
SR M 2 3 1 2 3 2 0 
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Field Sampling Methods 
Evaluation of the AES Level of the MoRAP Aquatic Ecosystem Classification System 
(Objective 1a) 
 
 Riffles were physically evaluated prior to biological sampling.  Riffle area was 
determined.  A substrate analysis was conducted by visually estimating the percent of 
surface coverage of different particle sizes within one square meter in close proximity of 
each sampled area.  Particle sizes were classified using a modified Wentworth scale 
(Gordon et al. 1993) (Table 2.4).  The same researcher conducted all particle size 
estimates.  A riffle profile was recorded by measuring depth and velocity at three points 
in the riffle, one at 25% of the width, one at half the width and one at 75% of the width at 
one cross section per riffle.  Velocity was measured using a Marsh/McBirney® model 
201D portable water current meter and an English, 1/10 foot, incremented wading rod 
(Ben Meadows Company).  Discharge was taken once per site using the same current 
meter and wading rod by taking 0.6 depth velocity and depth measurements at one cross 
section. 
 Macroinvertebrates were sampled in riffle habitats using a 500 µm mesh net 
placed on the riffle bed.  An area as wide as the net and approximately 1.3 m long was 
kicked upstream of the net.  This area was disturbed for approximately 3 minutes as 
substrate particles were kicked toward the net and pushed aside once the researcher was 
confident all invertebrates were removed from the rock.  With each kick, the researcher 
dug deeper into the substrate until reaching a depth of about 15 cm.  The sample was then 
field processed following procedures described in Rabeni et al. (1997b.).  This was 
repeated six times per site within multiple riffles. The contents of all six kick samples  
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Table 2.4  Grade scales for substrate particle sizes.  Adapted from 
Gordon et al. (1992). 
Class                 
(Wentworth Scale) 
Size                               
(mm) 
Boulder >256  
Large Cobble 128 – 256 
Small Cobble 64 – 128 
Pebble 16 – 64 
Gravel 2 - 16 
Sand 0.15 – 2 
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were combined into one composite sample and labeled as one site.  Samples were 
preserved in a 10% formalin solution until processed in the lab.   
 
Evaluation of VST level of the MoRAP Aquatic Ecosystem Classification System 
(Objective 1b) 
 
 Runs were physically evaluated prior to biological sampling.  Physical 
measurements were the same as described for Objective 1a.   
 There were three attempts to capture crayfish in each run habitat. The number of 
adult and young-of-the-year crayfish for each species captured in each attempt was 
recorded.  Crayfish were captured in a 1.5 m wide by 1.5 m high seine made of 3-mm 
mesh (Figure 2.5).  The seine was held in such a way that the net created a bag in the 
water column to capture the crayfish.  With each attempt, an area approximately 1-m2 
upstream of the seine was sampled.  The sampling technique included vigorously 
disturbing the area by upturning all large rocks, kicking leaves and other detritus, and 
generally disturbing the sampling area as much as possible in an attempt to dislodge any 
crayfish from the substrate.  At the same time, water was pushed toward the seine, by 
hand, in order to capture any swimming crayfish.  When possible, the current was used in 
aiding crayfish capture.  Each sampling attempt was given the same amount of effort so 
that samples could be statistically analyzed.  Effort, however, was based on ease of 
sampling due to current velocity, substrate size and degree of embeddedness, and net 
positioning, not on time.
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Figure 2.5 Illustration of the 1.5 m X 1.5 m kick seine used to capture crayfish.  Diagram 
courtesy of Bob DiStefano, Missouri Department of Conservation.   
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Evaluation of Crayfish at the Habitat Unit Scale (Objective 1c) 
 Crayfish were sampled from four habitats at each site:  riffles, runs, vegetation 
plots, and backwaters.  Vegetation plots consisted primarily of water willow, Justicia spp.  
Substrate composition, flow velocity, and relative vegetation density were qualitatively 
evaluated for each habitat site.  Depth was measured in the center of the sample area.  A 
1/8” mesh size seine, measuring 1.5 m wide and 1.5 m high, was used to capture crayfish 
(Figure 2.5).  Crayfish were identified to species level upon capture and released.  Any 
crayfish unable to be identified in the field was brought to the lab and keyed to species 
using Pflieger (1996).   
 There were three attempts to capture crayfish in each habitat per site and the total 
for all three attempts was pooled and recorded.  With each attempt, an area approximately 
1 m2 was sampled.  Sampling technique included removing all large rocks from the 
sampling area, kicking leaves and other detritus to dislodge crayfish, and generally 
disturbing the area as much as possible in an attempt to capture the crayfish in the seine.  
Water was pushed toward the seine in order to capture any swimming crayfish.  When 
possible, the current was used in aiding crayfish capture.   
 
Laboratory Processing Methods 
 Macroinvertebrates were processed in the lab by subsampling procedures 
following EPA guidelines (Plafkin 1989) with some variations.  The entire composite 
sample was placed in a stainless steel subsampling pan (Figure 2.6) with a 500 µ mesh 
screen bottom and rinsed thoroughly with water.  The stainless steel pan was then placed 
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into a plastic tub and water was added in order to disperse the sample.  The sample was 
stirred, by hand, in a figure-8 motion to randomly distribute the contents.  The stainless  
steel pan was then lifted from the water, drained, and placed in a dry plastic tub.  An 18" 
X 12" grid of fifty-four 2” squares (9 squares X 6 squares) was placed on top of the 
sample.  Random numbers were generated and four squares were selected for 
subsampling.  The contents of these four squares were then placed into a plastic container 
and water was added.  This was then poured into an 18-well tray distributed as evenly as 
possible.  Random numbers were then drawn to decide the order in which each well was 
sampled. Macroinvertebrates were picked from each well until the target number of 
organisms (500 - 700) was reached.  If a well was begun it was finished. Once the target 
number of organisms had been reached, macroinvertebrates were identified to genus 
using Merritt and Cummins (1996).  A sorting scope at 10X power was used to identify 
organisms.  Macroinvertebrates were then placed into vials of 70% ethanol for holding.
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Figure 2.6  Illustration of the grid and sub-sampler  used to sort macroinvertebrates 
(Rabeni, et al, 1997). 
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Data Analysis 
Evaluation of the AES Level of the MoRAP Aquatic Ecosystem Classification System 
(Objective 1a) 
 
 A Detrended Correspondence Analysis (DCA) was performed on non-
transformed macroinvertebrate data using PC-ORD (version 4.14) for Windows.  Default 
settings were used and the rare species were downweighted.  Twenty-seven sites were 
distributed along the two axes based on assemblage (taxa) similarity. 
 Correlation analyses were performed with axis 1 and axis 2 DCA site scores and 
measured (depth, riffle length, and flow velocity) and calculated (discharge, substrate 
index, and Froude number) habitat variables using Microsoft® Excel for Windows.  
Regression lines and R2 values were added to regression graphs also using Microsoft® 
Excel for Windows. 
 Substrate measurements (taken as percent of various particle sizes) were 
transformed into a substrate index (SI) by summing the weighted percentages of each 
substrate size class (Jowett and Richardson 1991).   
 SI=0.07*boulder % + 0.06*cobble % + 0.05*pebble % + 0.04*gravel % + 
0.03*sand %.  
 Weights were based on the original Instream Flow Incremental Methodology 
substrate codes of Bovee (1982) with modifications made to allow for different break 
points in particle-size classifications.   
    Percent similarity (PSC) was calculated for all pairs of the twenty-seven sites:  
 PSC = 100 – 0.5 Σ |a-b|  
where a and b are, for a given species, percentages of the total samples A and B which 
that species represents (Washington 1984).  The similarity index scores were then used to 
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calculate within and between AES Type similarities using MEANSIM (version 6, 
VanSickle 1997).  MEANSIM calculates classification strength (M), defined as the ratio 
of mean between-class similarities (B) (contained in the rectangular boxes of the lower 
triangular matrix) to mean within-class similarities (contained in the triangular boxes of 
the lower triangular matrix).  A value of M close to 1 represents near equal between- and 
within-class similarities and therefore indicates weak classifications.  Likewise, a small 
value of M (M<<1) indicates that between-class similarities are indeed smaller, on 
average, than within class similarities.  MEANSIM also determines if classifications are 
statistically different than expected from a random placement of sites into classes, by 
calculating M based on 10,000 randomly sampled permutations, and then comparing 
what proportion of permuted classifications had values of M< the observed M (VanSickle 
1997).   
 Between-type variations were investigated using SAS statistical package (release 
8.02, SAS Institute Inc., Cary, North Carolina).  One-way ANOVA analysis was used to 
compare differences in means of habitat variables between AES Types.  A Tukey’s 
studentized range test was used when significant differences were found.  Alpha was set 
at the 0.05 level.  Data were not normally distributed and usual methods to normalize 
data failed so all data were ranked.   
   
Evaluation of VST level of the MoRAP Aquatic Ecosystem Classification System 
(Objective 1b) 
 
 I used the seven digit VST codes for site selection.  We found codes that differed 
by stream size and relative gradient and analyzed crayfish abundance using these 
variables.  I wanted to evaluate all sites over the entire AES Type and then evaluate each 
 31  
individual AES unit separately to see if patterns found for the Type were consistent 
among individual units.   
 In an attempt to determine variations of crayfish abundance between AES units, 
measured and calculated physical habitat variables were analyzed for within individual 
AES units.      
 A one-way ANOVA was employed to look for differences in crayfish abundance 
between sites of relative gradient and stream size differences.  Alpha was set at 0.05.  
Two age classes were examined for each species:  adult and young-of-the-year (YOY).  
 First, significant differences of crayfish abundance in relative gradient, within 
each stream size class, were tested for all data combined (all three AES units combined).  
Next, the data were sorted by AES unit to test if the overall trend was consistent within 
each individual AES unit.  Next, I looked for significant differences of crayfish 
abundance in stream size across all AES units regardless of relative gradient.  Finally, I 
sorted the data by AES unit and tested for significant differences in stream size within 
each AES unit to see if any trends found for the entire watershed held constant for each 
individual watershed.  
 A one-way ANOVA was also performed for each measured and calculated habitat 
variable to test for significant differences between AES units.  If significant differences 
were found for any variable, a Tukey Studentized Range Test was performed to find out 
where the differences occurred.  Data were not normally distributed for all ANOVA 
analyses and usual methods to normalize data failed so all data were ranked using a 
PROC RANK statement in SAS statistical package (release 8.02, SAS Institute Inc., 
Cary, North Carolina). 
 32
  
Evaluation of Crayfish at the Habitat Unit Scale (Objective 1c) 
 Bar graphs were constructed to visualize crayfish distribution for four habitat 
types within each AES Types.  Graphs were constructed using graphical options in 
Microsoft® Excel for Windows.  Crayfish assemblage are shown in percent species 
composition and number captured.   
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RESULTS 
 
Evaluation of the AES Level of the MoRAP Aquatic Ecosystem Classification System 
(Objective 1a) 
 
 Macroinvertebrates were identified into forty-seven taxa groups (Table 2.5) to the 
lowest practical level.  Three Ephemeroptera (mayfly) genera, Tricorythodes, Stenonema, 
and Isonychia, made up 65% of the total number.  Twenty-eight taxa each made up <1% 
of total numbers.    
 Macroinvertebrate (MI) communities were more similar within AES ecounits than 
between AES ecounits.  The Detrended Correspondence Analysis (DCA) showed MI 
community groupings based on AES and AES Type (Figure 2.7) with little interspersions 
of sites from different AES Types.  Mean similarity analysis (Table 2.8) showed the 
greatest within-Type similarity of MI assemblages to be within AES Type II (74%) while 
AES Type I and III had a percent similarity of 54% and 58% respectively.  Between-
Type similarity was greatest between AES Types II and III (61%) while AES Types I and 
II were the least similar with a similarity index of 43%.  Using MEANSIM6 (VanSickle 
1997), differences in AES Type mean similarity were significant (M = 0.794, p < 
0.0001). Within-group similarity (Wbar) was 0.621 and between-group similarity (Bbar) 
was 0.493, meaning that within-group (within AES Type) similarities were greater than 
between-group (between AES Type) similarities.  
Six habitat variables were significant to macroinvertebrate community 
distributions.  Discharge accounted for macroinvertebrate community dispersion along 
axis 1 of the DCA graph (Table 2.6.): p-value of 0.04 and R2 value of 0.1549.  Depth, 
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velocity, discharge, Froude number, and riffle length accounted for macroinvertebrate 
community dispersion along axis 2 of the DCA graph (p<0.05) (Table 2.6).   
Regression graphs relating axis 1 DCA site scores and habitat variables (Figure 
2.8) showed R2 values to be generally low (.002 to 0.1549).    The discharge 
measurements for sites sampled in this study ranged from 0.01 – 1.40 cms (Table 2.7).  
There was a clear gap in discharge value between AES Type I and III and AES Type II 
with the greatest values being found in AES Type II.  Discharge was not measured in 
four AES units due to equipment malfunction.   
Regression graphs for axis 2 DCA site scores and habitat variables  (Figure 2.9) 
also show generally low R2 values (0.0041 to 0.3409), but depth, velocity, discharge, 
Froude number, and riffle length showed significant p-values (p< 0.05)  
Using a one-way ANOVA, significant differences were found between AES 
Types for all habitat variables. Stream width was significantly different (p = < 0.0001) 
between AES Types I and III and Types II and III.  Velocity was significantly different (p 
= < 0.0001) between all AES Types.  Froude number was significant (p = < 0.0001) for 
AES Types II and III and AES Types I and III.  Discharge was significant (p = <0.0001) 
for AES Type II and III and Type I and II. 
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Table 2.5.  Macroinvertebrate distribution by AES Type and AES unit.  Letters A-I represent AES units. 
 
 AES Type I AES Type II AES Type III 
 A B C D E F G H I 
Megaloptera  Corydalidae  Corydalus 18 4 7 7 3 6 8 4 4 
Megaloptera Sialidae   Sialis 0 0 0 0 0 0 1 0 0 
Megaloptera  Corydalidae Nigronia 0 0 0 0 0 1 0 0 0 
Coleoptera Psephenidae  Psephenus 1 1 0 1 2 17 8 47 105 
Coleoptera  Psephenidae  Ectopria 0 1 0 1 4 2 4 2 2 
Coleoptera  Elmidae  Dubirapia (Adult) 0 0 5 36 15 5 1 7 4 
Coleoptera Elmidae Optioservus (larval) 2 2 32 64 35 20 12 8 22 
Coleoptera Elmidae Stenelmis (adult) 23 50 3 55 41 26 13 8 5 
Coleoptera Elmidae Stenelmis (larval) 244 492 37 29 135 67 195 11 6 
Coleoptera Dryopidae Helichus (adult) 15 0 4 1 0 0 3 2 0 
Coleoptera  Haliplidae  Peltodytes 0 4 7 0 0 0 0 0 0 
Odonata Coenagrionidae 23 3 45 2 1 2 25 14 7 
Odonata Calopterygidae 2 0 2 0 0 0 0 2 0 
Odonata Gomphidae 1 1 0 3 1 7 0 20 36 
Lepidoptera  Pyralidae  Petrophila 0 1 0 0 0 1 1 4 0 
Plecoptera  Perlidae (early instar) 59 170 0 0 2 12 1 1 14 
Plecoptera  Perlidae  Acroneuria 1 0 0 0 0 0 0 0 0 
Trichoptera Leptoceridae 7 11 0 1 0 5 3 3 0 
Trichoptera Hydropsychidae (early instar) 15 32 69 10 45 0 4 4 5 
Trichoptera Hydropsychidae 
Cheumatopsyche 32 21 87 7 44 10 10 2 28 
Trichoptera Hydropsychidae Ceratopsyche 0 0 1 1 14 0 1 0 0 
Trichoptera  Philopotamidae  Chimarra 195 78 22 4 2 0 9 5 18 
Trichoptera  Helicopsychida  Helicopsyche 1 1 0 3 5 30 5 14 16 
Ephemeroptera Isonychiidae  Isonychia 16 48 44 358 260 353 103 196 394 
Ephemeroptera  Heptageniidae  Stenonema 26 79 33 404 293 502 157 253 547 
Ephemeroptera  Leptohyphidae  
Tricorythodes 580 293 1027 409 600 496 939 772 284 
Ephemeroptera  Baetiscidae  Baetisca 0 2 0 0 0 0 1 0 0 
Ephemeroptera  Caenidae  Caenis 5 46 10 7 2 1 54 54 6 
Ephemeroptera  Ephemeridae  Ephemera 0 0 0 0 0 1 0 0 0 
Ephemeraotpera Siphlonuridae Siphlonurus 0 24 0 0 13 25 11 0 28 
Ephemeroptera Ephemererllidae Serratella 0 0 0 0 29 2 0 0 0 
Ephemeroptera  Leptophlebidae 
Habrophlebiodes 0 1 0 0 0 0 0 0 0 
Diptera Chironomidae 70 102 41 38 23 11 26 26 23 
Diptera  Ceratopogonidae 2 1 0 0 3 0 0 0 0 
Diptera  Ceratopogonidae  (Pupa) 2 0 0 0 0 0 0 0 0 
Diptera Tipulidae 4 3 0 0 0 0 0 0 1 
Diptera Tabanidae 0 1 0 0 0 0 0 2 0 
Diptera Empididae 0 0 0 0 0 2 0 0 0 
Diptera Simulidae Pupa 0 0 0 0 0 1 0 0 0 
Oligocheats 24 28 5 11 11 22 14 17 30 
Planaria 22 14 13 0 4 8 2 0 2 
Mites 57 15 34 53 52 44 100 169 48 
Collembola Poduridae Podura 1 0 0 0 0 0 0 0 0 
Clams 0 33 19 1 6 12 0 4 2 
Amphipoda 1 2 34 0 0 0 0 0 1 
Snails  Pleuroceridae  Elimia 7 0 21 14 12 30 6 0 22 
Snails  Physidae  Physa 0 0 4 3 0 0 0 0 0 
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Figure 2.7.  Ordination of Macroinvertebrate Sample Sites for 2001.  Letters represent 
AES units.  AES Type I = A, B and C.  AES Type II = D, E, and F.  AES Type III = G, 
H, and I.   
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Figure 2.8  Regression graphs for measured and calculated habitat variables vs. DCA axis 
1  site scores of the twenty seven sites sampled.   
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Table 2.6.  R2 and p-values for regressions performed for measured and calculated habitat variables vs. axis 
1 and axis 2 DCA site scores for all twenty-seven sites in 2001. 
      
   R2  p-value  
Axis One Site Score    
 Measured Habitat Variables   
    Depth 0.0309 0.38 
    Velocity 0.0384 0.33 
    Riffle Length 0.153 0.54 
    
 Calculated Habitat Variables   
    Discharge 0.1549 0.04 
    Froude Number (Fr) 0.113 0.09 
    Substrate Index 0.002 0.82 
    
Axis Two Site Score    
 Measured Habitat Variables   
    Depth 0.2886 0.004 
    Velocity 0.3409 0.001 
    Riffle Length 0.1634 0.036 
    
 Calculated Habitat Variables   
    Discharge 0.2552 0.007 
    Froude Number (Fr) 0.3154 0.002 
    Substrate Index 0.0041 0.750 
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 Table 2.7 Discharge measured at each site for macroinvertebrates samples.  A "." 
indicates no discharge measured for that site. 
AES                     
Unit 
AES                     
Type 
Q                       
(CMS) 
A I 0.01 
A I 0.04 
H III 0.05 
H III 0.06 
H III 0.07 
G III 0.09 
G III 0.10 
I III 0.10 
I III 0.10 
C I 0.10 
C I 0.10 
I III 0.13 
G III 0.14 
C I 0.14 
   
F II 0.41 
F II 0.46 
D II 0.51 
F II 0.54 
D II 0.59 
D II 0.69 
E II 1.10 
E II 1.10 
E II 1.40 
   
   
A I . 
B I . 
B I . 
B I . 
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Figure 2.9  Regression graphs for measured and calculated habitat variables vs. DCA axis 
2 site scores of the twenty seven sites sampled.   
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Evaluation of VST level of the MoRAP Aquatic Ecosystem Classification System 
(Objective 1b) 
 
 Forty-three were sampled.  Four crayfish species were captured:  Orconectes 
luteus, Orconectes punctimanus, Cambarus maculatus, and Orconectes medius (Table 
2.9).  C. maculatus was omitted from analyses because of low capture (9 individuals).  
Overall (all AES units combined) O. medius was the only species which was found in all 
three stream size classes for both adult and YOY.  This species was the most abundant 
species in creeks, and second most abundant in headwaters.  O. punctimanus was found 
only in the headwater and creek stream sizes, and was the most abundant species in 
headwater streams.  O. luteus was the most abundant species found in small-rivers and 
only one individual was found in headwaters and two individuals found in creeks.   
 Crayfish capture was generally greater in high gradient VST’s than in low 
gradient VST’s when differences were found (Table 2.10).  However, about half (28 of 
54) of all comparisons did not contain enough data to analyze.  Because relative gradient 
showed no difference or did not contain enough data to analyze in the majority of results, 
it was omitted from future analyses.  O. luteus adults and O. punctimanus YOY were the 
only taxa that showed no significant differences in crayfish capture for the variable 
gradient when differences were found.    
Data were analyzed for each AES unit separately and for all AES units combined 
to get an overall evaluation of crayfish distribution between stream sizes for each taxon 
(Table 2.11).  Forty-three of the 72 results showed no significant differences in crayfish 
capture between stream sizes, while 39 results did show differences in crayfish capture.  
More O. luteus YOY were captured within small-river streams than in headwaters or 
creeks and was the only taxon that showed consistent results for all three AES units 
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individually and for all units combined.  More O. luteus adults were captured in small-
rivers than in headwaters for creeks within the Meramec AES unit only.  O. punctimanus 
adults were generally captured more in headwaters than in small-rivers and creeks, but 
not consistently.  They were captured more in small-rivers than in creeks within the 
Meramec AES unit and for all units combined.  More O. medius adults were generally 
captured in creeks than in headwaters, in headwaters than in small-rivers, and were 
consistently captured more in creeks than in small-rivers.  O. punctimanus YOY were 
captured more in creeks than in small-rivers in all but the Courtois AES unit, and in 
headwaters than in small-rivers for all AES units combined.  O. medius YOY were 
generally captured more in creeks and small rivers than in headwaters (Table 2.11).         
Velocity and discharge were lower (p < 0.05) in the Meramec AES unit than in 
either the Huzzah or the Courtois (Table 2.12 and 2.13).  There were no significant 
differences found for any habitat variable between the Courtois AES unit and the Huzzah 
AES unit.     
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 Table 2.9  Catch per unit area mean, minimum, and maximum crayfish capture data  for objective 1.b.  Unit 
area = one square meter.  N = number of seine hauls for treatment.  LA = O. luteus adult, PA = O. punctimanus 
adult, MeA = O. medius adult, LY = O. luteus YOY, PY = O. punctimanus YOY,  and MeY = O. medius 
YOY. 
          LA PA MeA LY PY MeY 
 min 0.00 0.00 0.00 0.00 0.00 0.00 
n=3 mean 0.00 1.30 0.00 0.00 0.00 0.00 
Low   
Grade 
 max 0.00 4.00 0.00 0.00 0.00 0.00 
         
 min 0.00 0.00 0.00 0.00 0.00 0.00 
n=6 mean 0.00 1.33 4.83 0.00 0.00 3.17 
H
ea
dw
at
er
 
High 
Grade 
 max 0.00 3.00 17.00 0.00 0.00 12.00 
          
 min 0.00 0.00 0.00 0.00 0.00 0.00 
C
ou
rto
is
 A
ES
 U
ni
t 
Low   
Grade n=9 mean 0.78 0.22 7.00 0.00 0.00 0.00 
 max 3.00 2.00 28.00 0.00 0.00 0.00 
  
C
re
ek
 
       
 min 0.00 0.00 2.00 0.00 0.00 0.00 
n=9 High Grade 
 
mean 0.22 1.22 15.56 0.00 0.11 3.00 
max 2.00 5.00 36.00 0.00 1.00 7.00 
          
 min 0.00 0.00 0.00 0.00 0.00 0.00 
n=9 Low   Grade mean 0.00 0.00 0.00 4.67 0.00 1.89 
Sm
al
l-R
iv
er
 
 max 0.00 0.00 0.00 13.00 0.00 8.00 
         
 min 0.00 0.00 0.00 5.00 0.00 3.00 
n=9 mean 0.22 0.00 1.11 14.78 0.00 5.67 
High 
Grade 
 max 1.00 0.00 4.00 23.00 0.00 16.00 
                  
           
 min 0.00 0.00 0.00 0.00 0.00 0.00 
n=3 mean 0.00 0.67 0.33 0.00 0.00 0.00 
Low    
Grade 
 max 0.00 1.00 1.00 0.00 0.00 0.00 
         
 min 0.00 0.00 0.00 0.00 0.00 0.00 
n=9 mean 0.11 3.78 16.44 0.00 8.67 0.22 
H
ea
dw
at
er
 
High 
Grade 
 max 1.00 14.00 45.00 0.00 36.00 2.00 
          
 min . . . . . . 
n=0 mean . . . . . . 
Low    
Grade 
 max . . . . . . 
C
re
ek
 
         
 min 0.00 0.00 0.00 0.00 0.00 0.00 
n=9 mean 0.00 0.22 
High 
Grade 
 max 0.00 
4.44 0.00 1.67 3.44 
2.00 16.00 0.00 6.00 13.00 
         
 min 0.00 0.00 0.00 0.00 0.00 0.00 
n=9 mean 0.00 0.00 0.00 
 
1.67 0.00 0.33 
Low    
Grade 
 max 0.00 0.00 0.00 4.00 0.00 1.00 
         
 min 0.00 0.00 0.00 0.00 0.00 1.00 
n=9 mean 0.11 0.00 0.56 2.78 0.00 4.22 
H
uz
za
h 
A
ES
 U
ni
t 
Sm
al
l-R
iv
er
 
High 
Grade 
 max 1.00 0.00 4.00 9.00 0.00 10.00 
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Table 2.9 continued.           
          LA PA MeA LY PY MeY 
 min . . . . . . 
n=0 mean . . . . . . 
Low   
Grade 
 max . . . . . . 
         
 min 0.00 0.00 0.00 0.00 0.00 0.00 
n=9 mean 0.00 1.89 2.78 0.00 18.44 0.11 
H
ea
dw
at
er
 
High 
Grade 
 max 0.00 6.00 10.00 0.00 77.00 1.00 
          
 min 0.00 0.00 0.00 0.00 0.00 0.00 
n=9 mean 0.00 0.11 6.56 0.56 0.44 12.89 
Low   
Grade 
 max 0.00 1.00 30.00 2.00 2.00 56.00 
         
 min 0.00 0.00 2.00 0.00 0.00 1.00 
n=9 mean 0.00 3.22 7.89 0.00 5.11 16.89 
C
re
ek
 
High 
Grade 
 max 0.00 11.00 23.00 0.00 30.00 46.00 
          
 min 0.00 0.00 0.00 0.00 0.00 0.00 
n=9 mean 0.67 0.00 0.00 2.33 0.00 1.67 
Low   
Grade 
 max 3.00 0.00 0.00 14.00 0.00 9.00 
         
 min 0.00 0.00 0.00 0.00 0.00 0.00 
n=9 mean 0.56 0.00 0.00 1.22 0.00 0.89 
M
er
am
ec
 A
ES
 U
ni
t  
 
Sm
al
l-R
iv
er
 
High 
Grade 
 max 2.00 0.00 0.00 4.00 0.00 4.00 
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Table 2.10  P-values for significant differences found in crayfish capture per species for the variable gradient within 
stream sizes of like AES units using a one-way ANOVA.  A "*" indicates no significant difference at the alpha = .05 
level.  "n/a" = not enough individuals captured in one or both gradients for analysis.  "Hi" and "Lo" refer to whether more 
individuals were captured in high or low gradient VST's respectively. 
    
Courtois        
AES 
Huzzah           
AES 
Meramec          
AES 
AES Units 
Combined 
Headwater n/a * n/a * 
Creek * n/a n/a * 
O. luteus                
Adult 
Small-River * * * * 
      
Headwater * * n/a * 
Creek * n/a 0.035 (Hi) 0.0425 (Hi) 
  O. punctimanus         
Adult 
Small-River n/a n/a n/a * 
      
Headwater * * n/a * 
Creek 0.0235 (Hi) n/a * * 
O. medius               
Adult 
Small-River 0.0068 (Hi) n/a n/a 0.0046 (Hi) 
      
Headwater n/a n/a n/a * 
Creek n/a n/a 0.023 (Lo) 0.0098 (Lo) 
O. luteus                
YOY 
Small-River 0.02 (Hi) * * * 
      
Headwater n/a * n/a * 
Creek * n/a * * 
  O. punctimanus        
YOY 
Small-River n/a n/a n/a * 
      
Headwater * * n/a * 
Creek 0.0077 (Hi) n/a * * 
O. medius               
YOY 
Small-River 0.0087 (Hi) <0.0001 (Hi) * 0.0069 (Hi) 
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 Table 2.11 Size Class comparisons for crayfish capture for Objective 1b. Comparisons significant at the 0.05 
level are indicated by ***.   HW = headwater, CR = Creek, SR = Small-River, and BR = Big-River.  Letters in 
parentheses indicate the stream size in which more crayfish were captured. 
  
Size 
Comparison 
Courtois          
AES Unit 
Huzzah          
AES Unit 
Meramec         
AES Unit 
All AES Units 
Combined 
HW - CR --- --- --- --- 
HW - SR --- --- *** (SR) --- 
O
. l
ut
eu
s 
A
du
lt 
CR - SR --- --- *** (SR) --- 
      
HW - CR --- *** (HW) --- *** (HW) 
HW - SR *** (HW) *** (HW) *** (HW) *** (HW) 
O
. p
un
ct
i-
m
an
us
 
A
du
lt 
CR - SR --- --- *** (SR) *** (SR) 
      
HW - CR *** (CR) --- *** (CR) *** (CR) 
HW - SR --- *** (HW) *** (HW) *** (HW) 
O
. m
ed
iu
s 
A
du
lt 
CR - SR *** (CR) *** (CR) *** (CR) *** (CR) 
      
HW - CR --- --- --- --- 
HW - SR *** (SR) *** (SR) *** (SR) *** (SR) 
O
. l
ut
eu
s  
 
Y
O
Y
 
CR - SR *** (SR) *** (SR) *** (SR) *** (SR) 
      
HW - CR --- --- --- --- 
HW - SR --- --- --- *** (HW) 
O
. p
un
tc
i-
m
an
us
 
Y
O
Y
 
CR - SR --- *** (CR) *** (CR) *** (CR) 
      
HW - CR --- --- --- *** (CR) 
HW - SR *** (SR) *** (SR) *** (SR) *** (SR) 
O
. m
ed
iu
s 
Y
O
Y
 
CR - SR *** (SR) --- *** (CR) --- 
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 Table 2.12  Mean, minimum, and maximum values for physical habitat data for objective 1.b.  N = number of 
seine hauls for treatment.  If a measurement was not taken for a treatment it is indicated by a ".".  SI = substrate 
index  
          SI  
Width       
(m) 
Velocity 
(m/s) 
Depth       
(m) 
Q          
(cms) 
 min 4.4 2.1 0.2 0.1 0.0 
n=3 mean 4.6 2.4 0.2 0.1 0.0 
Low   
Grade 
 max 4.7 2.6 0.3 0.1 0.0 
        
 min 4.6 1.2 0.0 0.1 0.0 
n=6 mean 4.9 2.1 0.0 0.1 0.0 
H
ea
dw
at
er
 
High 
Grade 
 max 5.3 3.0 0.0 0.2 0.0 
         
 min 3.6 6.5 0.2 0.1 0.2 
n=9 mean 4.4 10.1 0.3 0.3 0.4 
Low   
Grade 
 max 5.0 14.6 0.5 0.5 0.5 
        
 min 4.3 1.5 0.0 0.1 0.0 
n=9 mean 4.7 3.8 0.1 0.2 0.0 
C
re
ek
 
High 
Grade 
 max 5.6 7.4 0.3 0.4 0.1 
         
 min 3.3 11.8 0.3 0.2 1.8 
n=9 mean 4.5 15.9 0.4 0.4 1.9 
Low   
Grade 
 max 5.0 22.3 0.7 0.5 2.0 
        
 min 4.0 11.9 0.0 0.3 0.9 
n=9 mean 4.5 17.8 0.3 0.3 1.2 
C
ou
rto
is
 A
ES
 U
ni
t 
Sm
al
l-R
iv
er
 
High 
Grade 
 max 5.0 26.7 0.5 0.4 1.4 
                
          
 min 4.8 1.1 0.0 0.1 . 
n=3 mean 5.1 1.4 0.0 0.2 . 
Low    
Grade 
 max 5.3 1.7 0.0 0.2 . 
        
 min 4.3 1.0 0.0 0.1 0.0 
n=9 mean 4.7 2.8 0.1 0.1 0.0 
H
ea
dw
at
er
 
High 
Grade 
 max 5.2 5.4 0.3 0.2 0.1 
         
 min . . . . . 
n=0 mean . . . . . 
Low    
Grade 
 max . . . . . 
        
 min 4.5 4.8 0.0 0.1 0.0 
n=9 mean 4.7 7.4 0.2 0.2 0.2 
C
re
ek
 
High 
Grade 
 max 4.9 12.2 0.5 0.4 0.4 
         
 min 4.4 17.8 0.1 0.1 2.3 
n=9 mean 4.7 23.8 0.4 0.3 2.7 
Low    
Grade 
 max 5.2 28.0 0.6 0.4 3.1 
        
 min 4.2 9.5 0.2 0.2 1.0 
n=9 mean 4.5 16.3 0.4 0.3 1.1 
H
uz
za
h 
A
ES
 U
ni
t 
Sm
al
l-R
iv
er
 
High 
Grade 
 max 4.8 29.5 0.6 0.4 1.2 
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Table 2.12 continued.          
      
  
  SI  
Width      
(m) 
Velocity 
(m/s) 
Depth      
(m) 
Q         
(cms) 
 min . . . . . 
n=0 mean . . . . . 
Low   
Grade 
 max . . . . . 
        
 min 4.6 1.6 0.0 0.1 . 
n=9 mean 4.8 2.2 0.0 0.2 . 
H
ea
dw
at
er
 
High 
Grade 
 max 5.0 2.8 0.0 0.3 . 
         
 min 4.2 1.8 0.0 0.1 0.0 
n=9 mean 4.6 3.1 0.1 0.2 0.0 
Low   
Grade 
 max 5.1 5.4 0.3 0.3 0.1 
        
 min 4.5 2.6 0.0 0.1 0.0 
n=9 mean 4.7 5.0 0.0 0.2 0.0 
C
re
ek
 
High 
Grade 
 max 5.1 7.1 0.1 0.3 0.0 
         
 min 3.9 5.5 0.1 0.2 0.5 
n=9 mean 4.5 11.4 0.2 0.3 0.6 
Low   
Grade 
 max 4.9 24.0 0.4 0.4 0.9 
        
 min 3.6 4.5 0.1 0.1 0.1 
n=9 mean 4.4 9.4 0.1 0.2 0.1 
M
er
am
ec
 A
ES
 U
ni
t  
 
Sm
al
l-R
iv
er
 
High 
Grade 
 max 4.8 18.0 0.3 0.3 0.2 
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 Table 2.13  Results of one-way ANOVAs for habitat variables between AES units.      
Habitat Variable p-value AES unit comparison 
Flow Velocity <.0001 Huzzah > Meramec 
  Courtois > Meramec 
   
Discharge 0.0025 Huzzah > Meramec 
  Courtois > Meramec 
   
Substrate Index 0.3212 no significant differences 
   
   
Depth 0.1671 no significant differences 
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Evaluation of Crayfish at the Habitat Unit Scale (Objective 1c) 
 Six species of crayfish were identified from the four habitat units in the three AES 
Types.  Orconectes luteus made up 53% of total number of crayfish for all samples O. 
medius made up 24%, O. punctimanus 13%, O. hylas 8%, O. harrisoni 1% and 
Cambarus maculates <1% (only one individual).  O. luteus was the only species captured 
in every habitat within each AES Type.  O. punctimanus was found in all AES Types, 
and in all habitat types, but not in each habitat type in each AES Type.  O. hylas and C. 
maculatus were only found in AES Type III with O. hylas evenly distributed between all 
four habitat types.  O. medius was most abundant in AES Type II, however two and three 
individuals were found in AES Type III and Type I respectively.  O. punctimanus was 
found in all three AES Types predominantly in backwaters and vegetation plots. 
 Species diversity and abundance varied between AES Type and habitat type 
(Figure 2.10).  Five species were captured in AES Type III, and was the only Type where 
O. hylas and C. maculatus were captured.  This Type was dominated by O. luteus with O. 
hylas being next abundant; the other three species were minimally present.  Four species 
were captured in AES Type I, although O. luteus and O. harrisoni were found in 
extremely low numbers.  O. luteus dominated this AES Type and was most abundant in 
the riffle and run habitats.  O. punctimanus was equally as abundant in the backwater and 
vegetation habitats as O. luteus.  AES Type II had the lowest diversity but the highest 
abundance.  O. medius dominated this AES Type, especially in riffles and runs, with O. 
luteus second in abundance, found in all four habitat types.  O. punctimanus was found in 
vegetation and backwater habitats.  It dominated backwater habitats and was equally 
abundant as O. medius in vegetation plots.                
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 Relative percentages of crayfish captured (Figure 2.11) show that O. luteus 
dominated riffle and run samples and was present in all habitat types in AES Types I and 
III.  O. medius dominated these habitats in AES Type II.  All other species were present 
in lower percentages, varying between AES Type and habitat.
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Figure 2.10 Numbers of crayfish found per AES Type and habitat unit.  a. populations 
among AES units within habitat types.  b.  populations among habitat units within AES 
Types.  I=AES Type I, II=AES Type II, III=AES Type III.  RF=Riffle, RU=Run, 
BW=Backwater, V=Vegetation Plot 
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Figure 2.11 Percentages of crayfish found per AES Type and habitat unit.  a. populations 
among AES units within habitat types.  b.  populations among habitat units within AES 
Types.  I=AES Type I, II=AES Type II, III=AES Type III.  RF=Riffle, RU=Run, 
BW=Backwater, V=Vegetation Plot 
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DISCUSSION 
Evaluation of the AES Level of the MoRAP Aquatic Ecosystem Classification System 
(Objective 1a)  
 
I found strong correspondence of macroinvertebrate communities to AES ecounit 
boundaries with greater within-AES Type similarity than between-AES Type similarity.  
Historically, however, aquatic macroinvertebrate assemblages have shown weak 
correspondence to ecounit boundaries (Harrel and Dorris 1968, Lammert and Allan 1999, 
Doisy and Rabeni 2001, Boyle and Strand 2003).  I believe this is due to two reasons:  1.) 
use of terrestrial based classification systems to define aquatic biotic assemblages and 2.) 
focus on examination of local variables only, instead of local and watershed variables, to 
explain invertebrate communities within individual streams.   
The use of classification systems for conservation and management is widely 
accepted, yet attempts to correspond aquatic macroinvertebrate communities to terrestrial 
based ecounit boundaries such as those of Bailey (1995), Maxwell et al. (1995), and 
Omernik (1987) have only been moderately successful.  Rabeni and Doisy (2000) 
demonstrated good concordance of benthic invertebrates with Bailey’s subregions but 
noted that correspondence of macroinvertebrates to ecoregions has been markedly less 
successful in other parts of the world than in Missouri, concluding several reasons: low 
within-region heterogeneity, little altitude variation, and ecounit boundaries that follow 
major catchments within Missouri.  Hawkins and Vinson (2000) found weak 
correspondence between terrestrial based landscape classification systems and 
invertebrate communities in California.   
The need for an aquatic based ecosystem classification system usable on a 
worldwide scale has existed for some time now (Angermeier and Schlosser 1995).  
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Pflieger (1989) developed an aquatic based ecosystem classification system that 
incorporated a biological component, primarily fish assemblages, but this system was not 
extended beyond the borders of Missouri.  The MoRAP system tested in this study has 
the potential to be used anywhere in the world as it is adaptable to regional ecosystems 
given its use of GIS systems to map ecounits at multiple scales (Gust Annis, MoRAP, 
personal communication).   
The Aquatic Ecological System level of this classification system is unique 
because it groups like AES’s based on physical and hydrological features while 
biological potential of similar AES Types across multiple large river basins are 
determined by the EDU in which it resides.  No other system (Omernik 1987; Pflieger 
1989; Bailey 1995) includes this level of classification within Missouri.  This offers 
agencies a unique tool for making conservation and management decisions.   
I went to great lengths to keep local variables consistent across all sample sites.  
Stream segments were chosen that exhibited little, if any, variation in stream size, water 
temperature, substrate composition, and flow characteristics.  With local variables held 
constant, differences in invertebrate community composition seemed to be driven by 
larger scale variables indicative of AES Type delineations.   
Existing literature demonstrates that local habitat factors such as stream size 
(Harrel and Dorris 1968), hydraulic factors (Doisy and Rabeni 2001), chemical 
influences (Boyle and Strand 2003), substrate composition (Lammert and Allan 1999), 
and land use (Boyle and Strand 2003) significantly influence macroinvertebrate 
distributions on a local scale.  These studies, however, did not examine community 
distributions throughout a watershed, but rather within one stream or within tributaries of 
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the same small watershed.  Sampled areas in these studies occurred within the same or 
similar geology and topography (i.e. large scale variables were constant); and typically 
sites varied by local factors only. 
In this study, macroinvertebrate communities corresponded well to AES Type 
boundaries with greater within-AES Type similarity than between-AES Type similarity.  
Regression analysis of local habitat variables versus DCA axis 1 and axis 2 site scores 
indicate that local variables were not driving these distributions.  Therefore, it appears 
that invertebrate community distribution was driven by larger scale variables.   
 
Evaluation of VST level of the MoRAP Aquatic Ecosystem Classification System  
(Objective 1b)  
 
 Crayfish correspondence to VST units was less successful than the 
macroinvertebrate correspondence to AES Types.  But, I do not suggest that the VST 
layer of the MoRAP system is insufficient to use as a site selection tool for research and 
management.  I do suggest that more data be collected over a variety of macrohabitats if 
crayfish are to be used.  While this objective analyzed the VST layer of the MoRAP 
classification system, in essence it became a study in crayfish correspondence to stream 
size since only variable tested was stream size, and the suite of variables that are 
correlated to size.  In this perspective, the system successfully predicted crayfish 
distribution, as crayfish species were found within their stream size ranges as 
documented by Pflieger (1996).   
 Crayfish species were captured in stream sizes as predicted, however, according 
to Pflieger (1996) the species found occurred in a wide range of streams.  O. luteus and 
O. punctimanus are abundant in streams ranging from headwater to large river and O. 
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medius is abundant in small to “medium sized” creeks (Pflieger 1996).  All streams 
sampled for this objective were 5th order or less. 
 
Evaluation of Crayfish at the Habitat Unit Scale (Objective 1c)  
 Crayfish populations were more similar within AES ecounits regardless of habitat 
type than within habitat types of the same AES Type.  Furthermore, crayfish populations 
were similar within riffle and run habitats of the same AES Types and were similar 
within backwater and vegetation plots within the same AES Types.    
 Predictions of crayfish distribution were consistent with findings documented in 
Pflieger (1996).  All individuals found were, according to Pflieger (1996), within their 
species distribution range, within expected habitat types, and in expected relative 
abundances.  Two O. harrisoni were found in AES Type I which is not considered that 
species’ distribution range; however it is possible that the two individuals were 
incorrectly identified as O. medius does inhabit AES Type I and looks similar to O. 
harrisoni.  Both species have similar markings described as “dark bands” on the 
abdominal section.  
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CHAPTER THREE 
 
 
LONGITUDINAL DISTRIBUTION OF CRAYFISH WITHIN THE MERAMEC 
RIVER DRAINAGE BASIN, MISSOURI 
 
 
OBJECTIVE TWO: 
 
 
 Determine longitudinal distribution of crayfish within run habitats of the 
Meramec River drainage basin and investigate factors relating to this distribution. 
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INTRODUCTION 
 
When conservation is focused at the community/ecosystem level, it is important 
to understand distributions of biotic communities at multiple scales.  Of course the scale 
examined is dependent upon the research question being asked.  Little research exists on 
the longitudinal distribution of crayfish assemblages along a stream continuum.  Research 
has focused on the distribution of individual crayfish species at the watershed scale 
(Pflieger 1996), or the habitat partitioning (Rabeni 1985) of several species at the reach 
or local scale.  Other literature on crayfish distribution consists of:  crayfish distribution 
in lakes (Flint 1977; France 1993; Berrill 1978), distribution of burrowing crayfish 
(Taylor 1999), distribution changes in response to climatic stressors (Taylor 1983), 
distribution of only one species when only one species is present (Jay and Holdich 1981) 
or distribution of only part of all of the species present (Peterson et al. 1996).   Lately, 
much research has focused on the invading Orconectes rusticus and its displacement of 
native crayfish populations (Mather and Stein 1993).  Hendrix et al. (2000) found that 
relative abundance of the two crayfish species of southern Florida varied predictably with 
length of inundation in Everglade marshes. 
Four species are predicted to inhabit run habitats within this watershed (Pflieger 
1996): the freckled crayfish (Cambarus maculates), the golden crayfish (Orconectes 
luteus), the saddlebacked crayfish (Orconectes medius), and the spothanded crayfish 
(Orconectes punctimanus).  The golden crayfish and the spothanded crayfish occur in 
several drainages throughout the Ozarks within streams ranging from headwater to large 
river. The golden crayfish is often the most abundant crayfish within its range and is 
generally found in rocky riffles and pool shores.  The spothanded crayfish is often 2nd or 
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3rd in abundance within its range and can be the most abundant in areas of abundant 
vegetation along stream shores.  The freckled crayfish is least abundant of species within 
the study area.  They are typically found in creeks and small-rivers buried beneath rocks 
seated in gravel.  The saddlebacked crayfish is abundant in small to medium sized clear 
creeks with permanent flow and stable, rocky bottoms (Pflieger 1996).  This suggests that 
the freckled and the saddlebacked crayfish may not be found throughout the stream 
continuum, whereas the golden crayfish and the spothanded crayfish should.  
Life history strategies may also affect a species’ ability to colonize certain areas 
(Momot and Gowing 1972; Rabeni 1985) and thereby contribute to longitudinal 
variation.  The saddleback crayfish and the spothanded crayfish can be found carrying 
eggs and young earlier than the golden crayfish or the freckled crayfish.  The spothanded 
crayfish is typically larger throughout all its life stages than the other three crayfish.  This 
may enable the spothanded crayfish to out compete the other species for better habitat (i. 
e., better protected from predators) earlier in life and, because of its larger size, enable it 
to defend and retain this habitat.   
Pfleiger (1996) found that the golden crayfish is restricted to shallow riffles due to 
competition with the spothanded crayfish and predation by centrachids in Ozark streams.  
Predation also plays a role in crayfish distribution (Usio and Townsend 2000) and may 
contribute to the longitudinal distribution of crayfish.     
Other variables governing crayfish distribution include sedimentation (Usio and 
Townsend 2000), temperature (Flint 1977), oxygen concentration (Bovbjerg 1970), 
vegetation, (Peterson et al. 1996), and substrate composition (Pflieger 1996).  But 
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whether or not these variables elicit a predictable longitudinal gradient of crayfish 
assemblages is unknown.   
Differences in life stages may also play a role in longitudinal distributions within 
a species or between species.  Differences in habitat distributions between young-of –the-
year (YOY) and adult Paranephrops zealandicus were examined by Usio and Townsend 
(2000).  They found contrasting associations for each age group for current velocity, 
substrate size, and depth, both factors that change along a stream continuum. 
The objective of this chapter was to determine the longitudinal distribution of 
crayfish within run habitats of the Meramec River drainage basin and investigate factors 
relating to this distribution.  Stream size was used as the longitudinal gradient with four 
size classes used.  Two life stages were examined, adult and YOY, to investigate 
differences in distributions among the two most common age classes for crayfish.  
Understanding of crayfish distributions along a stream continuum will facilitate 
conservation of crayfish and game fish who depend on crayfish as a major food source. 
   
 
63 
METHODS  
Study Design 
 Crayfish samples were taken from four stream size classes along the Meramec 
River in east-central Missouri (Figure 3.1).  Stream size classes were defined as:  
headwater (link number of 1 - 4), creek (link number of 5 – 50), small-river (link number 
of 51 - 450), or big-river (link number 451 – max number).  Divisions for stream size 
class were based on Pflieger (1989).  Stream segments were chosen a priori and specific 
sample sites were chosen within those segments based on conditions within the stream.  
All samples were taken in run habitats which were qualitatively evaluated on site for the 
given stream reach.   
 
Site Selection Process 
Sites were selected such that the only variable that differed was stream size.  
Several variables are correlated to stream size such as stream width, stream depth, 
discharge, flow permanency, gradient, and valley-wall interaction, and these variables 
differed between stream sizes.   
Seven digit codes for Valley Segment Types (VST’s) were used for site selection 
to help minimize variation in stream reaches within a stream size.  For all sample sites 
used, three of the seven digits in the VST code were consistent (Table 3.1).  These were 
temperature, geology, and size discrepancy.  All VST’s had warm water, 
dolomite/limestone geology, and no size discrepancy.  The other four digits, representing 
size, relative gradient, flow permanence, and valley-wall interaction differed among 
VST’s.  Flow permanence was related to stream size.  All headwaters were classified as  
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Figure 3.1  The Meramec River and its tributaries.  Study area for the longitudinal 
distribution of crayfish (Objective Two).  Stream segments that contained sites are in 
bold.   
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 Table 3.1.  Seven digit codes for the valley segment types used for Objective Two.  Temperature code 2=warm; stream size code 
1=headwater, 2=creek, 3=small river and 4=big river; flow permanence code 1=permanent and 2=intermittent; geology code 
2=dolomite/limestone; relative gradient code 1=low, 2=medium, and 3=high; valley wall interaction code 0=no interaction, 1=low 
density, and 2=medium interaction; and size discrepancy code 0=none. 
                
 --------------------------------------------------------------7 Digit Code------------------------------------------------------------- 
Stream 
Size Temperature Stream Size 
Flow 
Permanence Geology 
Relative 
Gradient 
Valley Wall 
Interaction 
Size 
Discrepancy 
BR 2 4 1 2 1 1 0 
BR 2 4 1 2 1 1 0 
BR 2 4 1 2 1 1 0 
BR 2 4 1 2 3 1 0 
BR 2 4 1 2 3 1 0 
BR 2 4 1 2 3 1 0 
CR 2 2 1 2 1 0 0 
CR 2 2 1 2 1 0 0 
CR 2 2 1 2 1 0 0 
CR 2 2 1 2 3 0 0 
CR 2 2 1 2 3 0 0 
CR 2 2 1 2 3 0 0 
HW 2 1 2 2 3 0 0 
HW 2 1 2 2 3 0 0 
HW 2 1 2 2 3 0 0 
SR 2 3 1 2 2 1 0 
SR 2 3 1 2 3 1 0 
SR 2 3 1 2 3 1 0 
SR 2 3 1 2 3 2 0 
SR 2 3 1 2 3 2 0 
SR 2 3 1 2 3 2 0 
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intermittent flow and all creeks, small-rivers, and big-rivers as permanent flow.  There 
was also a relationship between stream size and valley-wall interaction.  There was no 
valley wall interaction for headwaters and creeks but there was for all small-river and 
big-river VST’s.  Because stream size was related to flow permanence and valley-wall 
interaction, only stream size was included in the data analyses. 
  For the headwater and creek stream size categories only one site was sampled 
within an individual stream when possible.  This was done in an attempt to reduce 
psuedo-replication.  When multiple sites had to be sampled within a single headwater or 
creek (due to a limited number of available and acceptable VST’s), a tributary separated 
sites if possible.  Because there was only one small-river and big-river stream, all samples 
from these size classes had to be taken along the same stream: the Meramec River main 
stem.  Tributaries always separated sites along the small- and big-rivers if possible.  
 
Crayfish Capture Techniques 
 There were three attempts to capture crayfish in each run habitat. The number of 
adult and young-of-the-year crayfish for each species captured in each attempt was 
recorded.  Crayfish were captured in a 1.5 m wide by 1.5 m high seine made of 3-mm 
mesh (Figure 2.5).  The seine was held in such a way that the net created a bag in the 
water column to capture the crayfish.  With each attempt, an area approximately 1 m2 
upstream of the seine was sampled.  The sampling technique included vigorously 
disturbing the area by upturning all large rocks, kicking leaves and other detritus, and 
generally disturbing the sampling area as much as possible in an attempt to dislodge any 
crayfish from the substrate.  At the same time, water was pushed toward the seine, by 
hand, in order to capture any swimming crayfish.  When possible, the current was utilized  
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in aiding crayfish capture.  Each sampling attempt was given the same amount of effort 
so that samples could be statistically analyzed.  Effort, however, was based on ease of 
sampling due to current velocity, substrate size and degree of embeddedness, and net 
positioning, not on time. 
 
Physical Habitat Evaluation 
 Prior to crayfish sampling, a substrate analysis was conducted by visually 
estimating the percent of surface coverage of particle sizes inside one square meter up 
stream of the seine.  Particle sizes (Table 2.4) were classified using a modified 
Wentworth scale (Gordon et al. 1993).  Substrate measurements (percentages) were 
transformed into a substrate index as described in Chapter 2. 
 Once the run was sampled for crayfish, the stream width, depth, and current 
velocity were measured.  Velocity was measured using a Marsh/McBirney® model 201D 
portable water current meter and an incremented wading rod (Ben Meadows Company).   
 Stream width (wetted width) was measured at the surface of the water from bank 
to bank perpendicular to the flow.  Depth was measured just upstream of the 1 m2 sample 
area.       
 Froude number (Fr) was calculated for each site.  Froude number is a 
dimensionless velocity/depth ratio: 
 Fr = Vm /√(gD) 
where Vm is the mean water velocity, D is the water depth, and g is the acceleration due 
to gravity (9.81 m/s2).  Froude number is used to quantify flow conditions as tranquil (Fr 
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< 1) or rapid (Fr > 1) (Knighton 1998) and is also an accepted criterion to distinguish 
stream habitats such as riffles, runs, and pools (Jowett 1993).      
 
Data Analysis 
 The SAS statistical package (release 8.02, SAS Institute Inc., Cary, North 
Carolina) was used to perform a one-way ANOVA to look for variations in crayfish 
density and mean habitat variable variation between stream sizes.  Relative abundance 
(number / m2) data was used to generate results.  Alpha was set at 0.05.  For each crayfish 
species, two age classes were examined:  adult and young-of-the-year (YOY).  If 
significant differences were found a Tukey Studentized Range Test was performed to 
find out where the differences occurred.  The data were not normally distributed for any 
of the species in either age class and all usual transformations failed to produce normally 
distributed data; thus, the data were ranked for each species.  Because most variables 
were not normally distributed, Spearman’s 2-tailed rank correlations (Rs) were 
determined for all species and habitat variables.   
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RESULTS 
 Four crayfish species were captured:  Orconectes luteus, Orconectes 
punctimanus, Cambarus maculatus, and Orconectes medius (Table 3.2).  C. maculatus 
was captured so rarely (1 individual) it was omitted from all analyses.     
 Crayfish composition varied between stream sizes (Table 3.2) and mean crayfish 
capture per stream size varied between species (Figure 3.2).  Total crayfish density was 
greater in headwaters and creeks (23/m2 and 26/m2, respectively) and strongly decreased 
in small- and big-rivers (3/m2 and 1/m2, respectively).   Headwaters were dominated by 
O. punctimanus YOY, while O. punctimanus adults, O. medius adults and O. medius 
YOY were captured in smaller numbers.  Both age classes of O. luteus were absent from 
this stream size.  Creeks exhibited the highest diversity with five of the six taxon captured 
(O. luteus adults were absent) and were dominated by O. medius adults and YOY.  O. 
punctimanus adult and YOY, and O. luteus YOY were captured in lower densities.  
Small-river streams contained three of the six taxon: O. luteus YOY, O. medius YOY, 
and O. luteus adult; O. punctimanus (both age classes) and O. medius adults were absent.  
Only nine individuals were captured in big-river streams:  O. luteus adult and YOY and 
O. punctimanus adults.  O. medius adults and YOY and O. punctimanus YOY were 
absent from big-river samples.    
 Crayfish distribution varied for each taxon between stream sizes (Table 3.3).  O. 
medius adults and YOY were negatively correlated to stream size (p < 0.0001 and p < 
0.01 respectively, Table 3.4); and exhibited significantly greater densities (ANOVA p < 
0.0001 for both age classes, Table 3.3) in creeks than any other stream size as well as 
significantly greater densities in headwaters than in small- or big-rivers.  O. punctimanus  
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 Table 3.2  Mean, minimum, and maximum values of crayfish captured in the Meramec streams. 
   
O. luteus 
Adult 
O. punctimanus 
adult 
O. medius 
adult 
O. luteus 
YOY 
O. punctimanus 
YOY 
O. medius 
YOY 
 min 0.00 0.00 0.00 0.00 0.00 0.00 
n=9 mean 0.00 1.89 2.78 0.00 18.44 0.11 
H
ea
dw
at
er
 
 max 0.00 6.00 10.00 0.00 77.00 1.00 
         
 min 0.00 0.00 0.00 0.00 0.00 0.00 
n=18 mean 0.00 1.67 7.22 0.28 2.78 14.89 
C
re
ek
 
 max 0.00 11.00 30.00 2.00 30.00 56.00 
         
 min 0.00 0.00 0.00 0.00 0.00 0.00 
n=18 mean 0.61 0.00 0.00 1.78 0.00 1.28 
Sm
al
l-R
iv
er
 
 max 3.00 0.00 0.00 14.00 0.00 9.00 
         
 min 0.00 0.00 0.00 0.00 0.00 0.00 
n=16 mean 0.31 0.06 0.00 0.88 0.00 0.00 
B
ig
-R
iv
er
 
 max 4.00 1.00 0.00 4.00 0.00 0.00 
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Mean capture of O. luteus
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Figure 3.2 Mean crayfish capture for each species per stream size.   
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Table 3.3  Summary of significant differences in density found for crayfish species between stream sizes.  
Results are from a one-way ANOVA.  Alpha = 0.05.  More crayfish were captured in the stream size listed 
first in the stream sizes column.  P-values indicate that there was a significant difference in stream size for 
that species. 
Species p-value Significant Differences 
O. luteus Adult 0.0135 Small-River vs. Creek 
   
O. punctimanus Adult 0.0006 Headwater vs. Big-River 
  Headwater vs. Small-River 
  Creek vs. Small River 
   
O. medius Adult <0.0001 Creek vs. Headwater 
  Creek vs. Small-River 
  Creek vs. Big-River 
  Headwater vs. Small-River 
  Headwater vs. Big-River 
   
O. luteus YOY 0.017 Small-River vs. Headwater 
   
O. punctimanus YOY 0.0011 Headwater vs. Small-River 
  Headwater vs. Big-River 
  Creek vs. Small-River 
  Creek vs. Big-River 
   
O. medius YOY <0.0001 Creek vs. Headwater 
  Creek vs. Small-River 
  Creek vs. Big-River 
  Small-River vs. Big-River 
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Table 3.4  Two-tailed Spearman rank correlations between the habitat variables and crayfish species 
data.  Values in bold type are significant p < 0.05.  p< 0.01 is represented by "*".   p < 0.001 
represented by "**".  p <0.0001 represented by "***". 
Variables 
O. luteus 
Adult 
O. punctimanus 
Adult 
O. 
medius 
Adult 
O. luteus 
YOY 
O. 
punctimanus 
YOY 
O. 
medius 
YOY 
Stream Size 0.22 -0.45* -0.61*** 0.28 -0.44** -0.37* 
 
Relative  
Gradient -0.20 0.48*** 0.63*** -0.30 0.42** 0.34* 
 
Substrate Index -0.16 0.46* 0.34* -0.01 0.14 0.17 
 
Stream Width 0.15 -0.44* -0.57*** 0.22 -0.4* -0.4* 
 
Flow Velocity 0.23 -0.42* -0.58*** 0.29 -0.41** -0.42** 
 
Water Depth -0.02 -0.18 -0.22 0.04 -0.14 -0.09 
 
Froude Number 0.23 -0.37* -0.52*** 0.23 -0.35* -0.42** 
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adults and YOY were negatively correlated to stream size (p < 0.01 and p < 0.001 
respectively, Table 3.4) and showed higher densities in headwaters than in big- or small-
rivers, and in creeks than small-rivers (p = 0.0006 and p < 0.0001 respectively, Table 
3.3).  O. luteus adults were not correlated to stream size (Table 3.4) but had a 
significantly higher density in small-rivers than creeks (p = 0.0135, Table 3.3).  O. luteus 
YOY were positively correlated to stream size (p < 0.05, Table 3.4) with greater densities 
in small rivers than in headwaters (p = 0.017, Table 3.3).     
 Correlations to habitat variables varied between species  and age classes (Table 
3.4).   O. luteus adults were the only taxa not significantly correlated with any habitat 
variable.  Of the remaining taxa, all were significantly (p < 0.05) negatively correlated to 
stream size except for O. luteus YOY which was positively correlated.  Again, excluding 
O. luteus adults, all taxa were positively correlated with relative gradient (p < 0.05) 
except for O. luteus YOY which was negatively correlated.  Stream width, flow velocity, 
and Froude number were all negatively correlated with O. punctimanus (both age classes) 
and O. medius (both age classes), and flow velocity was positively correlated to O. luteus 
YOY.  Substrate index was positively correlated to O. punctimanus and O. medius adults.  
Water depth was not significantly correlated to any taxa.         
 Stream size, Strahler number, and link magnitude number were all strongly, 
positively correlated (Spearman Rank Correlation, p < 0.0001; Table 3.6); therefore, 
Strahler number and link magnitude number were eliminated from further analyses.  
Gradient and stream width showed a longitudinal gradient from headwater to big-river.  
Stream width was positively correlated to stream size (Spearman Rank Correlation, p < 
0.0001; Table 3.6) and was  
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 Table 3.5  Mean, minimum, and maximum values for habitat variables taken within Meramec streams.  
Discharge was not taken within headwater and big-river streams due to equipment malfunction.    
      
Gradient 
(m/km) SI 
Width 
(m) 
Velocity 
(m/s) 
Depth 
(m) 
Froude 
Number 
(FR) 
Q  
(cms) 
 min 21.90 4.63 1.60 0.00 0.08 0.00 . 
n=9 mean 24.10 4.78 2.16 0.00 0.15 0.00 . 
H
ea
dw
at
er
 
 max 27.40 4.95 2.80 0.00 0.25 0.00 . 
          
 min 3.60 4.17 1.80 0.00 0.10 0.00 0.00 
n=18 mean 5.15 4.69 4.06 0.03 0.19 0.03 0.03 C
re
ek
 
 max 6.70 5.13 7.10 0.27 0.30 0.26 0.05 
          
 min 1.00 3.57 4.50 0.05 0.13 0.04 0.10 
n=18 mean 1.53 4.44 10.40 0.19 0.24 0.13 0.37 
Sm
al
l-R
iv
er
 
 max 1.80 4.92 24.00 0.40 0.39 0.32 0.93 
          
 min 0.20 4.22 16.80 0.05 0.07 0.04 . 
n=16 mean 0.50 4.51 41.66 0.37 0.21 0.29 . 
B
ig
-R
iv
er
 
 max 0.80 4.75 54.00 0.64 0.38 0.67 . 
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 Table 3.6  R values for Spearman Correlations.  Values in bold print are significant at the 
p< 0.05 level.   p < 0.01 signified with "*", p < 0.001 signified with "**", and p < 0.0001 
signified with "***". 
  Size 
Strahler 
Number 
Link 
Magnitude 
Number 
Relative 
Gradient 
Substrate 
Index Width Velocity Depth 
Strahler 
Number 
0.98*** ---       
Link 
Magnitude 
Number 
0.93*** 0.94*** ---      
Gradient 
-
0.97*** -0.98*** -0.94*** ---     
 
Substrate 
Index 
-0.46** -0.50*** -0.44** 0.50*** ---    
 
Width 0.93*** 0.93*** 0.87*** -0.89*** -0.43** ---   
 
Velocity 0.86*** 0.86*** 0.82*** -0.86*** -0.36* 0.75*** ---  
 
Depth 0.21 0.25 0.24 -0.28 -0.32 0.27 0.17 --- 
 
Froude 
Number 
0.79*** 0.79*** 0.75*** -0.79*** -0.28 0.66*** 0.95*** 0.04 
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significantly different (ANOVA, p < 0.0001; Table 3.7) between all stream size classes.  
Gradient was negatively correlated with stream size (Spearman Rank Correlation, p < 
0.0001; Table 3.6) with significant differences (ANOVA, p < 0.0001; Table 3.7) between 
all stream sizes.  Froude number and velocity results mirrored one another.  Both were 
positively correlated to stream size (Spearman Rank Correlation, p < 0.0001; Table 3.6) 
and showed significant differences (ANOVA, p < 0.0001; Table 3.7) between all stream 
size classes except for headwater and creek.  Velocity in headwater streams although 
often present, was too low to register on the flow meter.  Substrate index was negatively 
correlated to stream size (Spearman Rank Correlation, p < 0.001; Table 3.6) and was 
significant (ANOVA, p < 0.0005; Table 3.7) between headwater and big- and small-
rivers.  Discharge was not measured in headwater or big-river streams and was therefore 
eliminated from analyses.   
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 Table 3.7  Summary of significant differences found for habitat variables between stream sizes.   
Results are from a one-way ANOVA.  Alpha = 0.05.   
Habitat Variable p-value Significant differences 
Substrate Index 0.0005 headwater > big-river 
  headwater > small-river 
   
Width <0.0001 big-river > small river 
  big river > creek 
  big-river > headwater 
  small-river > creek 
  small-river > headwater 
  creek > headwater 
   
Velocity <0.0001 headwater > big-river 
  headwater > small-river 
  creek > small-river 
  creek > big-river 
  small-river > big-river 
   
Water depth 0.0736 no significant differences found 
   
Froude Number <0.0001 headwater > big-river 
  headwater > small-river 
  creek > small-river 
  creek > big-river 
  small-river > big-river 
   
Gradient <0.0001 headwater > creek 
  headwater > small-river 
  headwater > big-river 
  creek > small-river 
  creek > big-river 
  small-river > big-river 
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DISCUSSION 
 I approached the longitudinal analysis by investigating differences in crayfish 
species and habitat variables between stream sizes.  Stream size encompasses a suite of 
habitat variables and is more than just the physical size of the stream channel.  Stream 
size, whether represented as stream order (Strahler 1957), link magnitude number, or 
quantified size classes (headwater, creek, etc.) is an accepted way of quantifying 
longitudinal divisions along the stream continuum (Harrel and Dorris 1968; Whiteside 
and McNatt 1972; Vannote et al. 1980; Wiley et al. 1990; Tsui et al. 2001).    
 Results based on predictions (Pflieger 1996) of crayfish species distribution 
within stream size were mixed.  C. maculatus and O. medius were found in expected 
abundance and stream sizes.  O. punctimanus and O. luteus were predicted to be found in 
all four stream classes, yet each were found in only three and in low numbers (one to two 
individuals) in at least one of the three.  Rabeni (1985) and DiStefano (2000) both 
documented that these two species are often found in slower macrohabitats (backwaters, 
pools, and vegetation plots) than in faster habitats such as runs and riffles within Ozark 
streams.    
 In the fall of 2001, I sampled crayfish from four macrohabitats in the Meramec 
River within small-river stream size only (see Objective 1c. of this thesis).  Results from 
that study showed higher mean crayfish capture data in run habitats (12/m2 for O. luteus 
and 20/m2 for O. medius) than this study but species presence/absence were the same.  
The 2001 study also showed that a third species, O. punctimanus, was present in the 
small-river stream size within backwater and vegetation plot habitats only.   
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The most diverse population of crayfish was found in creeks with all four species 
being present.  This agrees with the river continuum concept (RCC) prediction that 
species diversity is greatest in midreaches (Vannote 1980).  Similar results have been 
found for fish (Whiteside and McNatt 1972).   
 There was a clear difference between adult and YOY age class and distribution as 
expected.  Mean number of YOY was greater in each stream size for all species except 
for O. medius in headwaters.  DiStefano (2002) and Muck (1996) found similar results 
for three crayfish species in the Jack’s Fork River in Missouri.   
Overall (all species combined), crayfish were more abundant in the headwaters 
and creeks than in the small- or big-river stream sizes.  One possible reason for this may 
be fish predation.  Game fish including smallmouth bass, rock bass, and largemouth bass 
prey upon crayfish (DiStefano 1993).  Paller (1994) found these and other large species 
of fish most common in fourth-order streams.  This pressure from predation may explain 
higher mean densities of crayfish in smaller streams.       
Correlations between stream size and habitat variables were predictable. Gradient 
was negatively correlated to stream size while width, Froude number, and velocity were 
positively correlated with stream size.  Depth was not correlated to stream size because 
depth was only measured in the sampled habitats, runs, and not over the stream reach.  
Had depth been measured over the stream reach, it would have increased with stream 
size.  Harrel and Dorris (1968), Whitside and McNatt (1972), and Platts (1979) found that 
gradient decreased as stream order increased.   Platts (1979) also found that width 
increased as stream size increased while Harrel and Dorris (1968) noted that mean annual 
flow increased as stream order increased.   
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 There is no existing literature examining crayfish correspondence to stream size 
or longitudinal distribution of crayfish throughout a watershed.  However, there have 
been many such examinations of fish (Platts 1979; Whiteside and McNatt 1972) and 
macroinvertebrate (Harrel and Dorris 1968; Grubaugh and Wallace 1996) communities as 
well as other biota (Tsui et al. 2001).  Perhaps the lack of information on longitudinal 
crayfish distribution is due to crayfish not existing in most stream systems in large 
enough numbers of species to make conventional community analyses statistically valid, 
and crayfish not being able to be placed into ecologically significant classes such as 
functional feeding groups, which are often used in examinations of both fish and 
macroinvertebrates community structure along a stream continuum.   
 Crayfish do not exhibit high species diversity within any one stream drainage 
(Pflieger 1996).  In most Ozark streams, only two to four species may occupy a single 
watershed.  In rare cases, up to five species may be found (see objective 1c. of this 
thesis).  Because of low numbers of species, analyses commonly used to examine 
community structure such as Detrended Correspondence Analysis (DCA) or diversity 
indices such as Shannon’s Index or Percent similarity may not be suitable for this taxa 
group.  Using Spearman Rank correlations, I was able to examine longitudinal crayfish 
distribution within the Meramec watershed on a species by species basis and then make 
general statements about community structure. 
 While crayfish do not fit into trophic levels or functional feeding groups, they do 
exhibit differences in resource partitioning.  Competition (Pflieger 1996) and body size 
(Stein and Magnuson 1976) may dictate habitat use and partitioning among crayfish 
species and this may be the key to understanding crayfish distribution along a stream 
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continuum.  While I found that crayfish species are correlated to stream size; distributions 
are likely also linked to macrohabitats within stream sizes rather than stream size alone.  
Rabeni (1985), DiStefano (2000), and Flinders and Magoulick (2003) all found 
significant differences in habitat or habitat variables for crayfish species distribution in 
the Ozarks.   
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CHAPTER FOUR 
 
COMPARING THE EFFICIENCY OF TWO CRAYFISH SAMPLING GEARS:  A 
SEMI-QUANTITATIVE KICK-SEINE SAMPLING GEAR AND A QUANTITATIVE 
QUADRAT SAMPLING GEAR 
 
 
OBJECTIVE THREE: 
 
 Evaluate the efficiency of a semi-quantitative kick-seine sampling gear relative to 
a quantitative quadrat sampling gear 
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INTRODUCTION 
Crayfish are an important part of all lotic systems.  They provide a vital link in 
energy transfer between trophic levels (Lorman and Magnuson 1978; Momot et al. 1978) 
and crayfish production in some Ozark streams can equal the production of the remaining 
benthic invertebrate community (Rabeni et al. 1995).  They are used as food by most 
game fish (Huner 1978). As the knowledge of the importance of crayfish in aquatic 
systems increases, the methods by which they are captured and the gears used to capture 
them must be evaluated for their efficiency.   There are many different gears used to 
capture crayfish.  These gears range from simple minnow traps (bait traps) to 
electrofishing, each with its own strengths and weaknesses.  The gear used for any project 
should be appropriate for studying the objectives of the research.   
Bait traps have been used for studying population dynamics (Momot 1967), 
distribution (Abrahamsson and Goldman 1970), and migration (Momot and Gowing 
1972). Even though bait traps are easily used and inexpensive, they tend to be biased 
toward capturing larger males (Cummings 1977) and results may be skewed depending 
on substrate (Abrahamsson and Goldman 1970; Flint 1977), temperature (Capelli and 
Magnuson 1974; Somers and Stechey 1986), lunar cycle (Somers and Stechey 1986), bait 
type (Somers and Stechey 1986) and presence of predatory fish (Collins et al. 1983).   
Furthermore, the mean size of crayfish captured increases with increased trap opening 
(Stuecheli 1991).    
Hand netting or hand collecting of crayfish has been used to assess population 
abundance (Roell and Orth 1993).  DiStefano (1993) has shown that results of these 
studies can be significantly altered due to ability of organisms to escape capture.   Visual 
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assessment of crayfish through means of SCUBA or snorkeling may not account for 
organisms hiding beneath large boulders or inside shelters and accurate counts are 
dependant upon good visibility and diver awareness (DiStefano 1993).   
Electrofishing has been shown to be effective in capturing crayfish (Westman et 
al. 1978; Rabeni et al. 1997), but is biased toward larger organisms, may result in the loss 
of chela, and has reduced effectiveness in dense cover (Westman et al. 1978). 
The 1-m2 quadrat (Figure 4.1) has been used in crayfish studies in the Ozark 
region of Missouri (DiStefano 2000; Rabeni et al. 1985).  The quadrat frame is 
constructed with 12 mm angle-iron and is approximately 0.5 m high.  The frame is 
covered on three sides with 3mm mesh netting.  A 1.22 m long bag made from the same 
netting is attached on the fourth side.  The side with the bag is placed downstream during 
sampling.  Flaps of netting are attached on the bottoms of all four sides of the quadrat to 
use in setting the gear for sampling.  DiStefano (2000) thoroughly evaluated quadrat 
sampler and its ability to assess crayfish populations in five macrohabitats within two 
Ozark streams.  He concluded that the quadrat sampler was an “effective gear for 
sampling most of the crayfish community in [the Jacks Fork River and Big Piney River] 
during summer and fall” and that the quadrat sampler “performed well in estimating 
crayfish densities”.   
While the quadrat sampler has proven to be effective in some areas, it is not 
without problems.  The quadrat is heavy, large, time consuming, labor intensive, 
awkward, and ineffective at certain times of the year due to life history of certain crayfish 
species.  Sampling time for a two person team averages 30 minutes per quadrat  
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Figure 4.1  Illustration of the 1 m2 quadrat sampler (DiStefano 2000). 
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depending on researcher experience, number of crayfish captured, substrate composition 
and embeddedness, and macrohabitat type.  A team of two experienced researchers could 
obtain 12 to 14 samples in an 8-hour work day, however field work results shows 6 to 12 
samples were more feasible (DiStefano 2000).   
The 1.5 m X 1.5 m kick seine (Figure 2.5) has also been used in crayfish research 
in the Ozark region of Missouri and in Arkansas (Flinders and Magoulick 2003), as well 
in other areas of the U. S. (Mather and Stein 1993) for determining crayfish population 
densities.  The seine is constructed from 3-mm mesh netting with a 50-pound led line 
sewn into the bottom edge, tie off lines at each corner, and finished edges with heavy 
stitching.   The netting is custom made by the H. Christiansen Company (Duluth, MN).  
The seine can then be assembled by the researcher using the tie off lines and zip ties to 
secure the netting to broom handles.  The kick seine is lightweight, easily constructed and 
used, relatively inexpensive to build, with low to moderate labor intensity.  Sampling 
time is generally 5 to 10 minutes per sample depending on habitat conditions and 
researcher experience described for the quadrat.  The author has taken in excess of thirty-
six samples in an eight hour day with the kick seine.   
Objective Three of this study tests the efficiency of the kick seine by comparing it 
to the quadrat sampler.  I am assuming, for the sake of this evaluation, that the quadrat 
sampler is 100 percent efficient.  If the kick seine is equally efficient in capturing crayfish 
in certain habitats, or if a measurable bias exists, this gear may be a low cost, low 
maintenance, substitute to the quadrat sampler.  The seine will allow for more samples to 
be taken per work day thereby increasing labor efficiency. 
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METHODS 
 
General Methodology 
 To compare the efficiency of the kick seine in relation to the quadrat sampler, 
both gears were tested side-by-side in triplets: one quadrat and two seine samples per site.  
Two kick seine sampling techniques were employed to address the differences in exact 
sampling strategy between the author and the Missouri Department of Conservation 
(MDC).  One kick seine sample was taken using methods employed by MDC field crews 
(MDC method) and one using methods employed by the author (MU method) in research 
conducted in 2001 and 2002.  The gears were tested in two stream size categories, one of 
similar width to the kick seine (average ~2.5 m) and one wider than the kick seine 
(average >2.5 m).  Stream width distinction (1st order vs. 4th order) was based on user 
observation (Williams) that crayfish tended to escape around the edges of the seine when 
the stream width greatly exceeded the width of the seine. 
 
Gear Protocol 
 Sampling procedures described by DiStefano (2000) were used for the quadrat 
sampler.  The sampler was placed in the substrate and the sides were set to prevent 
crayfish from escaping.  The substrate was disturbed for three to five minutes, depending 
on substrate composition and embeddedness, using a hand-held garden rake to a depth of 
at least 15 cm.  Large substrate particles were dislodged and examined for crayfish and 
then discarded from the quadrat.  Crayfish were swept into the downstream bag using 
water current, when available, or by the researchers sweeping the water into the bag with 
their hands.  The substrate was carefully examined one handful at a time for crayfish and 
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discarded from the inside of the quadrat.  After all loose cobble and pebble-size substrate 
had been discarded one team member entered the sampler and kicked the substrate in an 
effort to dislodge any remaining crayfish.  The team once again swept the water into the 
bag with their hands in an effort to capture any swimming crayfish.  The sampler was 
then picked up and the bag dragged through the sampled area.  The quadrat was 
transported to the shore and the crayfish were identified to species, counted, and 
separated by age class:  adult or young-of-the-year (YOY).   
The MU seine method involved one person holding the seine in such a way that it 
created a “bag” for the crayfish to seek shelter.  The top of the handles and the top of the 
net of the seine were held together above and close to the water surface by one 
researcher.  A second person set the lead line by placing two to three cobble sized rocks 
along the edge of the seine.  He/she then vigorously disturbed a 1 m2 area upstream of the 
seine.  The substrate was kicked in a front to back motion to a depth of 15 cm and water 
was pushed into the seine by hand to facilitate crayfish capture. All large substrate 
particles were overturned and removed if necessary in order to dislodge any buried 
crayfish.  Once the researcher was confident the area within the 1 m2 had been thoroughly 
disturbed, usually after about 10 to 20 seconds, the bottom of the poles were grasped by 
the “kicker” and the seine was pulled through the 1m2 and lifted at the same time to 
minimize crayfish escape.  The seine was then transported to the shore where all crayfish 
were identified to species, counted, separated into adult and YOY age classes, and 
recorded.     
The MDC seine method was similar to the MU method with variations in the 
exact holding position, kicking technique, and setting of the lead line.  The seine handles 
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were held about 1 m apart and more upright than the MU method.  The MDC method 
employed a side-to-side kicking motion where the “kicker” would pass over the 1 m2 area 
once, remove large substrate, and repeat the kicking action.  A more strenuous lead line 
setting technique was also used where the “kicker” would take several (usually more than 
three) cobble size pieces of substrate and lay at the edge of the seine to secure the lead 
line. 
 
Site Selection 
 A site was defined as an area of at least 5 m2 exhibiting homogeneous substrate 
composition, water depth, and flow velocity.  The site also had to be large enough to 
accommodate all three samples while leaving a 1-m buffer around each sample.  The 1-m 
buffer ensured that no sample was taken in an area disturbed by previous sampling.   
 All habitat measurements were taken prior to taking biological samples.  An 
estimate of the percent coverage of various substrate particle sizes was measured for each 
site.  A modified Wentworth scale (Table 2.4) was used to delineate particle sizes.  
Stream width, mean depth, and mean velocity were recorded for each site for both 
seasons.   
Exact sampling strategy differed from season one to season two.  During the first 
season, the order of the triplicates was not taken in a random order.  The seine samples 
were always taken before the quadrat sample.  The sampling strategy was changed for the 
second season after concerns arose that the order in which the samples were taken in the 
triplets should be randomly determined.  Also, since all three samples were not taken at 
the same time, the chance of crayfish redistributing into sites before the quadrat samples 
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could be taken was recognized and corrections were made.  Both year’s data were used, 
however they were analyzed separately. 
 
Sampling Strategy Season One 
 In fall of 2002, twenty sites were sampled in a 1st order headwater stream in both 
flowing (n=10) and non-flowing (n=10) habitats, and twenty sites were sampled in 
flowing habitats of Courtois Creek, a 4th order creek (Figure 4.2).  Two teams of two, a 
quadrat team and a seine team, took triplicate samples at each site.  The team members 
were changed each day.  A team of two researchers proceeded upstream, taking kick 
seine samples of both methods in each site.  Kick seine samples were taken in the 
downstream sections of the sites.  The seines were brought back to shore and the crayfish 
were counted and recorded.  The crayfish from one seine haul was contained in a bucket 
until the second sample could be taken.  Then captured crayfish were returned to the 
stream in an area downstream and away from the site.  The seines used for season one 
were ones that had been constructed by the MDC crew.  A team of two researchers 
followed behind and took the quadrat sample in the upstream part of each site.   Due to 
the amount of time it took to perform each quadrat sample, the team with the seines 
worked well ahead of the quadrat team, taking all seine samples before the quadrat 
samples in each site.   
The habitat and sampling variables measured were habitat (HB), flow or non-
flow; gear type (GEAR), MU seine method, MDC seine method, or quadrant sampler; 
stream size (SS), 1st order headwater or 4th order creek; flow velocity (V), water depth 
(D), and stream width (W). 
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Sampling Strategy Season Two 
 In the summer of 2003, fourteen sites were sampled in flowing habitats of 
Courtois Creek, a 4th order stream, and ten sites (six flowing and four non-flowing) were 
sampled in a 1st order headwater stream (Figure 4.2).  The same stream segments, but not 
necessarily the same sites, of Courtois Creek and the headwater creek sampled in season 
one were sampled for season two.  All three sampling techniques were again taken in 
triplet, however, this time, one of two teams of two researchers conducted all three 
samples (the quadrat, MU method and MDC method) within a site before moving on to 
the next site.  Crayfish were not returned to the stream until all samples had been taken 
for a given site.  The two teams worked in a “leapfrog” manner upstream. 
 Sample order within a site was randomly determined prior to entering the field.  
The two teams remained the same for the duration of the field work, but two seines were 
used for the kick seine sampling.  A seine that the author constructed and used in her field 
work as well as a seine constructed and used by MDC was rotated through the teams.  At 
each triplet, one or the other seine was used to take both seine samples. 
The habitat and sampling variables measured were habitat (HB) flow or non-flow; 
gear type (GEAR), MU seine, MDC seine, or quadrant sampler; stream size (SS), 1st 
order headwater or 4th order creek; order (OR) order in the triplet the technique was 
sampled, seine (SE) (seine constructed by MDC or MU), technician (TECH), flow 
velocity (V), water depth (D), stream width (W), and percent substrate composition. 
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Figure 4.2.  Courtois Creek drainage basin in south eastern Missouri.  The numbered 
stream segments were used in the gear comparison study.  1. Courtois Creek, a 4th order 
stream, 2. An unnamed 1st order stream. 
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Data Analysis 
 Data collected both years were analyzed as independent data sets due to the 
change in sampling protocol from season one to season two.  Species data were tested for 
normality using the PROC UNIVARIATE NORMAL statement in the SAS statistical 
package (release 8.02, SAS Institute Inc., Cary, North Carolina).  None of the data for 
any species was normally distributed and common transformations to achieve a normal 
distribution failed.  Therefore the species data were ranked.   
 Using SAS, a PROC MIXED procedure was performed in a one-way ANOVA 
analysis for each species.  A PROC MIXED procedure was used because it does not 
assume equal covariance among the class variables.  Each species was broken into three 
categories: adult, young-of-the-year (YOY), and total (TOT), adult and YOY combined.   
 For gear data collected in 2002, the class variables examined were stream size 
(SS), habitat (HB), and gear type (GEAR).  These were tested as independent and 
interaction terms.   
 For gear data collected in 2003, the class variables examined were stream size 
(SS), order (OR), habitat (HB), gear type (GEAR), and technician (TECH).  These were 
tested as independent and interaction terms.   
 Regression analyses were performed comparing gears, two at a time.  O. medius, 
made up approximately 95% and 97% of all individuals captured for season one and two 
respectively (Table 4.1 and 4.3).  Thus it was the only species used in statistical analyses.  
Data points on each graph represented the number of crayfish captured by each gear at a 
particular site (or triplet).  Each graph shows the regression line and 95% confidence 
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interval bands.  Flow and non-flow habitats were combined in the headwater streams for 
each year due to low sample sizes. 
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RESULTS 
Season One 
   Sample sites in the headwater stream had a mean width of 2.31 m (1.00 – 4.10 
m), a mean depth of 0.12 m (0.04 – 0.40 m), and a mean velocity of 0.09 m/s (0.00 – 0.25 
m/s).  Sites within the creek had a mean width of 13.26 m (6.00 – 19.50 m), a mean depth 
of 0.33 m (0.15 – 0.55 m), and a mean velocity of 0.20 m/s (0.09 – 0.40 m/s).   
Crayfish capture in general was low, with one species, O. medius, making up 
approximately 95% of all individuals captured for season one (Table 4.1).  Thus it was 
the only species used in statistical analyses.  There was a significant difference in stream 
size (p<0.05) for O. medius YOY and TOT with a greater mean of individuals captured in 
the creek than in the headwater stream (Table 4.2).  There was a significant difference in 
habitat type (p<0.05) found for all three age categories of O. medius with a higher mean 
number of individuals captured in the run habitats of the creek, followed by the flow 
habitats of the headwater, and then the non-flow habitats of the headwater stream (Table 
4.2). 
 The quadrat tended to capture more individuals than either seine, but without 
predictability or consistency.  In general the regression graphs (Figures 4.3 – 4.11) 
showed high variability with low R2 values.  There were stronger correlations in the 
headwater streams for all gears than in the creeks.   
 Half of the sets of graphs displayed outliers.  All sets contained an outlier due to a 
single quadrat sample and one set also contained an outlier due to a single MU seine 
sample.  The outliers were removed and the data was re-analyzed.  In each case the R2  
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Table 4.1
Headwater Stream No-Flow n=10* Headwater Stream Flow n=10 Courtois Creek n=20
mean min max mean min max mean min max
O. medius
MU Adult 2.1 0 7 5.6 0 17 7.2 0 36
YOY 3.5 0 11 6 1 17 16.5 1 29
Total 5 1 18 11.6 5 29 23.7 7 53
MDC Adult 2.2 0 7 6.2 1 12 5.7 0 34
YOY 4.4 0 8 5.7 1 17 14.3 2 31
Total 6.6 2 10 11.9 5 24 20 2 46
Quad Adult 4 0 13 4.9 1 8 9.5 2 36
YOY 3.3 0 8 9.5 1 38 20.1 2 39
Total 7.3 0 15 14.4 6 46 29.6 5 59
C. maculatus
MU Adult 0 0 0 0 0 0 0 0 0
YOY 0.1 0 1 0.2 0 1 0 0 0
Total 0.1 0 1 0.2 0 1 0 0 0
MDC Adult 0 0 0 0.1 0 1 0 0 0
YOY 0 0 0 0.1 0 1 0 0 0
Total 0 0 0 0.2 0 1 0 0 0
Quad Adult 0.2 0 1 0 0 0 0 0 0
YOY 0 0 0 0 0 0 0 0 0
Total 0.2 0 1 0 0 0 0 0 0
O. punctimanus
MU Adult 1 0 5 0.4 0 1 0 0 0
YOY 0.3 0 3 0.3 0 2 0 0 0
Total 1.3 0 5 0.7 0 3 0 0 0
MDC Adult 1.7 0 6 0.2 0 1 0 0 0
YOY 0.9 0 5 0.2 0 2 0 0 0
Total 2.6 0 10 0.4 0 3 0 0 0
Quad Adult 2.9 0 9 0.4 0 3 0 0 0
YOY 1.2 0 4 0.8 0 7 0 0 0
Total 4 0 11 1.2 0 10 0 0 0
O. luteus
MU Adult 0 0 0 0 0 0 0.1 0 1
YOY 0 0 0 0 0 0 0 0 0
Total 0 0 0 0 0 0 0.1 0 1
MDC Adult 0 0 0 0 0 0 0 0 0
YOY 0 0 0 0 0 0 0 0 0
Total 0 0 0 0 0 0 0 0 0
Quad Adult 0.1 0 1 0 0 0 0 0 0
YOY 0 0 0 0 0 0 0 0 0
Total 0.1 0 1 0 0 0 0 0 0
*For Non-Flow habitats in the headwater stream, n=9 for the quadrat only.
For the 2002 field season.  Mean, minimum and maximum number of crayfish captured per stream by species 
and gear.  
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Table 4.2.  Significant findings for the PROC MIXED statement used in SAS for O. medius capture data 
in 2002 and 2003. 
  Variable Pr > F 
2002   
Adult  Habitat Type 0.0011 
YOY Stream size  < 0.0001 
 Habitat Type 0.0192 
TOT Stream size  < 0.0001 
 Habitat Type 0.0006 
   
2003   
Adult  Stream size < 0.0001 
YOY Stream size < 0.0001 
TOT Stream size < 0.0001 
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value was lowered and in some cases (Figure 4.8 and 4.9) more data points fell outside of 
the 95% CI bands.     
 
Season Two 
 Sample sites in Courtois creek had a mean depth of 0.22 m (0.13 - 0.40 m), a 
mean width of 11.06 m (5.80 – 17.90 m), and a mean velocity of 0.20 m/s (0.01 - 0.51 
m/s).  Sample sites in the headwater creek had a mean depth of 0.08 m (0.06 – 0.10 m), a 
mean width of 2.40 m (1.40 – 4.00 m), and a mean velocity of 0.13 m/s (0.01 – 0.32 m/s). 
 Crayfish capture was low for this season as well with O. medius making up 97% 
of total and was the only species examined (Table 4.3).  There was a significant 
difference (p< 0.05) in stream size for all three categories of O. medius with more 
individuals captured in the creek than the headwater stream (Table 4.2).     
 Season two regression graphs (Figures 4.12 – 4.18) showed even higher 
variability and generally lower R2 values than season one.  The quadrat again captured 
more individuals than either seine (without predictability or consistency) with no R2 
value being greater than 0.50.  The seines were not strongly correlated to each other in 
either stream size or age class category. 
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Table 4.3
Headwater Stream No-Flow n=4 Headwater Stream Flow n=6 Courtois Creek n=14
mean min max mean min max mean min max
O. medius
MU Adult 3.8 0 10 5.7 1 8 8.4 0 21
YOY 6 0 13 3.8 0 13 13.6 3 49
Total 9.8 0 14 9.5 5 21 22 6 60
MDC Adult 5 3 8 6.5 1 9 11.5 2 27
YOY 6 4 9 7 3 12 19.3 2 36
Total 8 9 14 13.5 7 19 30.8 4 50
Quad Adult 6.8 6 12.8 9.5 2 16 13.6 3 28
YOY 2 0 8 7 2 12 10.8 1 27
Total 9 14 16 16.5 9 25 24.4 11 43
C. maculatus
MU Adult 0 0 0 0 0 0 0 0 0
YOY 0 0 0 0 0 0 0 0 0
Total 0 0 0 0 0 0 0 0 0
MDC Adult 0 0 0 0.2 0 1 0 0 0
YOY 0 0 0 0 0 0 0 0 0
Total 0 0 0 0.2 0 1 0 0 0
Quad Adult 0 0 0 0 0 0 0 0 0
YOY 0 0 0 0.2 0 1 0 0 0
Total 0 0 0 0.2 0 1 0 0 0
O. punctimanus
MU Adult 1.3 0 3 0 0 0 0 0 0
YOY 0.3 0 1 0 0 0 0 0 0
Total 1.5 0 3 0 0 0 0 0 0
MDC Adult 1.8 0 4 0.2 0 1 0.1 0 1
YOY 0 0 0 0 0 0 0 0 0
Total 1.8 0 4 0.2 0 1 0.1 0 1
Quad Adult 1.5 0 2 0.5 0 2 0 0 0
YOY 1 0 4 0 0 0 0 0 0
Total 2.5 0 6 0.5 0 2 0 0 0
O. luteus
MU Adult 0.3 0 1 0 0 0 0 0 0
YOY 0 0 0 0 0 0 0 0 0
Total 0.3 0 1 0 0 0 0 0 0
MDC Adult 0 0 0 0 0 0 0.1 0 0.1
YOY 0 0 0 0 0 0 0 0 0
Total 0 0 0 0 0 0 1 0 1
Quad Adult 0 0 0 0 0 0 0 0 0
YOY 0 0 0 0 0 0 0 0 0
Total 0 0 0 0 0 0 0 0 0
For the 2003 field season.  Mean, minimum and maximum number of crayfish captured per stream by species 
and gear.  
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Figure 4.3 Regression graphs for adult O. medius capture in headwater habitats for 2002.  
Solid lines represent the regression line and dashed lines represent the 95% CI bands.  R2 
values: MU vs. Quad = 0.145, MDC vs. Quad = 0.131, and MU vs. MDC = 0.698.  Quad 
= quadrat sampler, MU = the MU seine sampling method, and MDC = the MDC seine 
sampling method.  Each data point represents the number of individuals captured from 
each gear within the same triplicate. 
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Figure 4.4  Regression graphs for adult O. medius capture in headwater habitats for 2002.  
Outliers have been removed.  Solid lines represent the regression line and dashed lines 
represent the 95% CI bands.  R2 values: MU vs. Quad = 0.465, MDC vs. Quad = 0.131, 
and MU vs. MDC = 0.596.  Quad = quadrat sampler, MU = the MU seine sampling 
method, and MDC = the MDC seine sampling method.  Each data point represents the 
number of individuals captured from each gear within the same triplicate. 
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Figure 4.5  Regression graphs for YOY O. medius capture in headwater habitats for 2002.  
Solid lines represent the regression line and dashed lines represent the 95% CI bands.  R2 
values: MU vs. Quad = 0.566, MDC vs. Quad = 0.552, and MU vs. MDC = 0.561.  Quad 
= quadrat sampler, MU = the MU seine sampling method, and MDC = the MDC seine 
sampling method.  Each data point represents the number of individuals captured from 
each gear within the same triplicate. 
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Figure 4.6  Regression graphs for YOY O. medius capture in headwater habitats for 2002.  
Outliers have been removed.  Solid lines represent the regression line and dashed lines 
represent the 95% CI bands.  R2 values: MU vs. Quad = 0.340, MDC vs. Quad = 0.171, 
and MU vs. MDC = 0.340.  Quad = quadrat sampler, MU = the MU seine sampling 
method, and MDC = the MDC seine sampling method.  Each data point represents the 
number of individuals captured from each gear within the same triplicate. 
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Figure 4.7  Regression graphs for adult and YOY O. medius capture in headwater habitats 
for 2002.  Solid lines represent the regression line and dashed lines represent the 95% CI 
bands.  R2 values: MU vs. Quad = 0.510, MDC vs. Quad = 0.680, and MU vs. MDC = 
0.570.  Quad = quadrat sampler, MU = the MU seine sampling method, and MDC = the 
MDC seine sampling method.  Each data point represents the number of individuals 
captured from each gear within the same triplicate. 
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Figure 4.8  Regression graphs for adult O. medius capture in creek habitats for 2002.  
Solid lines represent the regression line and dashed lines represent the 95% CI bands.  R2 
values: MU vs. Quad = 0.382, MDC vs. Quad = 0.536, and MU vs. MDC = 0.615.  Quad 
= quadrat sampler, MU = the MU seine sampling method, and MDC = the MDC seine 
sampling method.  Each data point represents the number of individuals captured from 
each gear within the same triplicate. 
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Figure 4.9  Regression graphs for adult O. medius capture in creek habitats for 2002.  
Outliers have been removed.  Solid lines represent the regression line and dashed lines 
represent the 95% CI bands.  R2 values: MU vs. Quad = 0.037, MDC vs. Quad = 0.155, 
and MU vs. MDC = 0.059.  Quad = quadrat sampler, MU = the MU seine sampling 
method, and MDC = the MDC seine sampling method.  Each data point represents the 
number of individuals captured from each gear within the same triplicate. 
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Figure 4.10  Regression graphs for YOY O. medius capture in creek habitats for 2002.  
Solid lines represent the regression line and dashed lines represent the 95% CI bands.  R2 
values: MU vs. Quad = 0.046, MDC vs. Quad = 0.404, and MU vs. MDC = 0.115.  Quad 
= quadrat sampler, MU = the MU seine sampling method, and MDC = the MDC seine 
sampling method.  Each data point represents the number of individuals captured from 
each gear within the same triplicate. 
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Figure 4.11  Regression graphs for adult and YOY O. medius capture in creek habitats for 
2002.  Solid lines represent the regression line and dashed lines represent the 95% CI 
bands.  R2 values: MU vs. Quad = 0.150, MDC vs. Quad = 0.515, and MU vs. MDC = 
0.265.  Quad = quadrat sampler, MU = the MU seine sampling method, and MDC = the 
MDC seine sampling method.  Each data point represents the number of individuals 
captured from each gear within the same triplicate. 
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Figure 4.12  Regression graphs for adult O. medius capture in headwater habitats for 
2003.  Solid lines represent the regression line and dashed lines represent the 95% CI 
bands.  R2 values: MU vs. Quad = 0.265, MDC vs. Quad = 0.126, and MU vs. MDC = 
0.055.  Quad = quadrat sampler, MU = the MU seine sampling method, and MDC = the 
MDC seine sampling method.  Each data point represents the number of individuals 
captured from each gear within the same triplicate. 
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Figure 4.13  Regression graphs for YOY O. medius capture in headwater habitats for 
2003.  Solid lines represent the regression line and dashed lines represent the 95% CI 
bands.  R2 values: MU vs. Quad = 0.156, MDC vs. Quad = 0.042, and MU vs. MDC = 
0.199.  Quad = quadrat sampler, MU = the MU seine sampling method, and MDC = the 
MDC seine sampling method.  Each data point represents the number of individuals 
captured from each gear within the same triplicate. 
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Figure 4.14  Regression graphs for adult and YOY O. medius capture in headwater 
habitats for 2003.  Solid lines represent the regression line and dashed lines represent the 
95% CI bands.  R2 values: MU vs. Quad = 0.345, MDC vs. Quad = 0.311, and MU vs. 
MDC = 0.044.  Quad = quadrat sampler, MU = the MU seine sampling method, and 
MDC = the MDC seine sampling method.  Each data point represents the number of 
individuals captured from each gear within the same triplicate. 
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Figure 4.15  Regression graphs for adult O. medius capture in creek habitats for 2003.  
Solid lines represent the regression line and dashed lines represent the 95% CI bands.  R2 
values: MU vs. Quad = 0.194, MDC vs. Quad = 0.003, and MU vs. MDC = 0.318.  Quad 
= quadrat sampler, MU = the MU seine sampling method, and MDC = the MDC seine 
sampling method.  Each data point represents the number of individuals captured from 
each gear within the same triplicate. 
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Figure 4.16  Regression graphs for YOY O. medius capture in creek habitats for 2003.  
Solid lines represent the regression line and dashed lines represent the 95% CI bands.  R2 
values: MU vs. Quad = 0.040, MDC vs. Quad = 0.124, and MU vs. MDC = 0.058.  Quad 
= quadrat sampler, MU = the MU seine sampling method, and MDC = the MDC seine 
sampling method.  Each data point represents the number of individuals captured from 
each gear within the same triplicate. 
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Figure 4.17  Regression graphs for YOY O. medius capture in creek habitats for 2003.  
Outliers have been removed.  Solid lines represent the regression line and dashed lines 
represent the 95% CI bands.  R2 values: MU vs. Quad = 0.075, MDC vs. Quad = 0.124, 
and MU vs. MDC = 0.165.  Quad = quadrat sampler, MU = the MU seine sampling 
method, and MDC = the MDC seine sampling method.  Each data point represents the 
number of individuals captured from each gear within the same triplicate. 
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Figure 4.18  Regression graphs for adult and YOY O. medius capture in creek habitats for 
2003.  Solid lines represent the regression line and dashed lines represent the 95% CI 
bands.  R2 values: MU vs. Quad = 0.224, MDC vs. Quad = 0.020, and MU vs. MDC = 
0.104.  Quad = quadrat sampler, MU = the MU seine sampling method, and MDC = the 
MDC seine sampling method.  Each data point represents the number of individuals 
captured from each gear within the same triplicate. 
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DISCUSSION 
 
The objective of this study was to compare the sampling efficiency of the kick-
seine in relation to the quadrat sampler in its ability to capture crayfish.  Sampling 
efficiency is defined as “the percentage of individuals or species in a given area that are 
captured during sampling” (Peterson and Rabeni 2001).   To achieve this, the two gears 
were tested side-by-side and the data were analyzed using the PROC MIXED procedure 
in SAS and simple linear regression. 
 
Effects of Multiple Variables on Sampling Efficiency  
Using a one-way ANOVA, gear was not found to be significant in the capture of 
O. medius crayfish for either season.  For season one, capture differences in habitat, 
stream size, and age class were found; and, in season two, differences in stream size were 
found, however these differences were expected.   
Failure to find any significant differences in technician for either season shows 
that the gear is just as efficient regardless of user differences in exact sampling strategy; 
however, it is worth mentioning that the sampling crew from MDC used for this research 
were all experienced and well trained.    
 There were no significant differences found for seine construction for either 
season.  This suggests that the seine is easily and effectively assembled from directions 
like the one provided in Figure 2.5. 
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Direct Comparison of the Seine to the Quadrat 
 Regression analyses (Figures 4.3 – 4.18) showed high variability and low 
correlation between the quadrat and either seine method for both years and in all age 
classes. The quadrat tended to capture more crayfish than either seine method yet it did 
not do so in a consistent or predictable manner.  By design, the quadrat limits escapement 
of individuals in shallow habitats (such as the ones sampled in this study) whereas the 
seine does allow escapement and even avoidance around the edges.  This could account 
for the lower number of individuals captured by the seine than by the quadrat.   
 There was high variability and low correlation between seine methods as well.  
The MU seine method tended to capture more individuals that the MDC seine method, 
but again without predictability or consistency.  In general, more time was taken to 
conduct the MDC seine technique, about twice as long as an MU sample took.  Both 
seines were constructed from the same plans and the netting was constructed by the same 
company.  Few, if any, differences were obvious in the construction of the seines.     
 Removal of outliers (Figures 4.4, 4.6, 4.9, and 4.17) produced lower R2 values 
each time.  In one case (Figure 4.8 and 4.9) removal of outliers caused more data points 
to fall outside the 95% CI bands.   There were no outliers that needed to be removed from 
the graphs from season two.  The author believes that the outliers were not a result of 
faulty sampling techniques, but does recognize that the sampling strategy that was 
employed in season one could have allowed for redistribution of crayfish into the sample 
area because seine samples were taken first and then the quadrat samples were taken 
some time later.  However, all samples were taken in this fashion, not just the one that 
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was displayed as an outlier.  Thus, it is most likely that the outlier simply displays the 
natural chance that a sample may be unusually high.   
 There were slightly stronger correlations of the seine to the quadrat in the 
headwater stream than the creek during season one.  No such trend showed for season 
two.  I believe that the ability for the crayfish to escape or avoid the seine around the 
edges of the sampler is decreased in headwater streams because the seine is about the 
same width as the stream.  This limited space on the edges for the crayfish to escape 
around mimics the confines of the quadrat sampler to some degree.   
 Season two showed much higher variability and weaker correlations than season 
one between the quadrat and either seine as well as between the two seine methods.  
Correlations were not stronger for either stream size or for any age class category.  The 
biggest difference from season one to two was the change in sampling protocol:  
randomization of the samples within the triplicates and all three samples within the 
triplicate being taken before moving onto another triplicate. 
 
Conservation and Management Implications 
Most conservation and management agencies work on limited time and money.  
Efficient allocation of both is of great importance.  Replacing the quadrat sampler with 
the kick seine would result in reduced cost of supplies to make and maintain crayfish 
sampling gear and an increase of number of samples that could be taken per work day 
thereby increasing labor efficiency.  This study, however, did not produce any results that 
would justify the replacement of the quadrat with the seine for crayfish abundance or 
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density studies.  The seine is still a useful sampling tool for presence absence studies of 
crayfish or to use to get relative densities throughout a watershed.   
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